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ABSTRACT 


The purpose of themescudy "was to Carry out” a 
biomechanical analysis of the handstand to handstand Stalder 
circle on the uneven parallel bars using cinematography. 
Statistical analysis of the data was then undertaken to 
determine if any Significant differences in performance 


existed between successful Stalders. 


Fourteen Class I and Elite level female gymnasts from 
Canada and the United States were the subjects in the study. 
Subjects were filmed, with one camera in the mid-sagittal 
plane, performing two Stalders. Following collection of the 
data, a panel of nine gymnasts judges ranked the Stalders 
from best to poorest as the trials compared to one another. 
An overall ranking was determined and four groups of seven 
trials each were formed by equally dividing the ranking. 
Group I trials were considered to be excellent Stalder 
performances. Group IV trials were considered to be poor 
performances aS compared to the Group I trials. The 
following are the major findings of the study: (1) 
beginning the Stalder in a handstand position puts the 
gymnast in a position to potentially produce maximum amounts 
of angular momentum and kinetic energy in the down swing to 
aid in performance of the up swing, (2) delaying the 


straddle-in and performing the action slowly contributes to 
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the maximization of the moment of inertia which effects the 
values of angular momentum and kinetic energy, (3) minimum 
shoulder extension throughout the Stalder was the single 
most important performance factor to success in the _ skill 
(4) indirect force measurements calculated from 
cinematographic data revealed that gymnasts had to withstand 
forces of 1.99 to 3.30 times their body weight at the bottom 
of the swing in good Stalder performances, (5) timing the 
Straddle-out action with the recoil of the rail in the up 


Swing aids in performance of the Stalder. 


A variety of performance styles can be utilized to 
execute successful Stalders. The study showed that an 
initial handstand position, minimal shoulder flexion to 
produce a body position in which the hips are always farther 
from the rail than the shoulders, and a straddle-out action 
of gradual hip extension, completed following full shoulder 
flexion contribute to production of large amounts of angular 
momentum and kinetic energy necessary for good amplitude and 
Swing in the performance of the Stalder. This performance 
style may also be the most effective technique to use _ for 


minimizing deductions in a competitive situation. 
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CHAPTER I 


THE PROBLEM 


Introduction 


"Then seemingly for those two elements of the 
soul, the spiritual and the philosophic, God I 
should say, has given men the two arts, music and 
gymnastics. Only incidently do they serve soul and 
body. The purpose is to tune these two elements 
into harmony with one another by Slackening or 
tightening, till the proper pitch be reached... 
Then we shall rightly name as the perfect master of 
music and understander of harmony not him who can 
attune the strings, but him who can most fairly mix 
music and gymnastics and apply them in the most 
perfect measure to the soul (Plato, The Republic 
Book sEI LE). 34" 


"The renaissance of gymnastics will soon 
disappear if doctors and gymnasts do not seek to 
come nearer to PEmeSe lent Liicat Lye (P. He ersl,1ng 
1774-1839) ." 

Biomechanics, the study of forces and their effects on 
the human body, is one of the oldest sciences known to man. 
Since the time of Aristotle, men have observed and 
hypothesized about man's movements. Archimedes, daVinci, 
Borelli, and Newton formulated ideas about man and his 
relationship to the physical sciences. The ideas they set 
forth have withstood the test of time and set a _ strong 


foundation for today's studies in biomechanics (Cooper and 


Glassow, 1976). 


The application of biomechanical techniques to the 
Study of sport has had tremendous effect on both the sport 


world and the rapid growth and exposure of the science. The 


Re y a Wo 
Cc oo). 

I #2rTdRRY 

aie, Cee EaT 

a 
‘| nH 3rn2 
_ i. 7 - s~=& 
‘inert a, 2 Meee Sits: 
4 i csiziss alt «hoe 


wart! Fo. sae ans anvio coer fi ftyoda 


> - ne 5 « on! » | 
2 sn a7lssoneye . 
_ «. er Vi. : 
f sg CK: 1H the e yh 
4 ‘ ad Ww vi « i: 4 oy Rr : 
“ ; La rs twee 2 sf 
- Ps j } To | i a VJ i bd be aes 
7 W 7) 6 cin / waaT = 
‘ ©. er ’ oe 
+ 420 aga sal ne 3 OPO Pasa O62 (eGR are 
f ‘5 : = st : s 2fe0m 
4 ; be =2*¢ 
"(22 ) sede 
m — a ; sa? ‘ 
{~ s-h¢hc6 17 26egRE8E8 
.£ De OS s78e0 aS 
1, REEL SFT 
) I re “? f % 7 { ° i 4 at a semol dg ia 
ahi o Le. 20.2 at oS cemerl = 
; ; . 
i * - ia ? 
Den ; PEK ved nen sicogce 4,” 2O~ 6a oa? 39m 


nnd tek homidovA .acsnemevem ‘e*nbh) 20068 ~ beapeeetineg 


_ 


a i Fe £ rr 76M 7 a ‘ is w f c DS cool iti . ev io py got hie % } Iie ) 


Ee = 
ep 


« 


ee yous eo2fi ect ..ceoretos Laplayid addy .of eikkaots 


“3 
ae! 


’ bis. amis be eS, ptig Dowt:heid sitw ovad fd 


- 7 - 


growth of all sport sciences has given the coach and athlete 
a deeper understanding of the scientific basis of their 
Sport. Consequently, the coach's demand for more accurate 
information has prompted a surge of sport research. 
Biomechanics has come of age and matured into a highly 
sophisticated and widely accepted applied science with a 


recognizable body of knowledge and research tools. 


The application of biomechanical techniques to the 
analysis of sport skills can aid the coach and athlete by 
reducing the time it takes to thoroughly understand all the 
kinematic and kinetic factors associated with a particular 
Skill or determine the feasibility of a new performance 
technique. This knowledge can aid the coach in the 
development of training regimens and progressions for’ skill 


development for athletes of all levels. 


Many elements in the sport of gymnastics are planar and 
lend themselves easily to biomechanical analysis. Due to 
the nature of the sport and its apparatus demands, failure 
to utilize sound mechanics in the performance of skills 
usually results in incompleted movements or  unaesthetic 
execution. Much of the gymnastics literature published in 
the decade of the 1970's includes explanations of the 
mechanical principles involved in the movements. Although 
qualitative studies comprised the majority of gymnastics 
literature, a number of quantitative analyses were also 


found. Unfortunately, the biomechanical analyses of these 
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gymnastics elements came after their execution in 
competitive situations; usually at the world level and, 
therefore, after at least a basic understanding of the 
forces and principles involved had been Figured out by the 


coaches. 


One shortcoming in the biomechanics research conducted 
in the gymnastics area is that while good descriptive, 
kinematic Studies have been conducted, little or no 
Statistical investigation of the data has been undertaken. 
While it is necessary for coaches to have a thorough 
knowledge of the skill pattern, without the knowledge of the 
factors that Significantly contribute to successful 
execution, the coach is still faced with having to use 
intuition and trial/error methods to develop progressions of 
Skill learning and training procedures through which the 


athletes can benefit. 


The Stalder family of movements on the uneven parallel 
bars is becoming a very important element in the composition 
of routines at the international level. The 1976-80 wWorla 
Compulsory uneven parallel bars routine contained a Stalder 
element. "The purpose of a compulsory routine in artistic 
gymnastics, as with school figures in competitive ice 
skating, is to set a standard by which all gymnasts can be 
judged equally. The required elements in a compulsory 
routine reflect the ideas of the F.I.G. [International 


Federation of Gymnastics] as to which elements represent 
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basic skills which are to be mastered by all competitive 
gymnasts at the world level (Prendergast, 1980)." Inclusion 
of a Stalder element in the World Class compulsory makes a 
strong Statement that the Stalder is basic to high level 
competition. Most often skills included in compulsory 
routines become popular elements in optional routines. "It 
is almost expected that these elements or variations of them 
be included in the optional routines until the level of 
difficulty in general Surpasses those movements 


(Prendergast, 1980)." 


Inclusion of a Stalder element in an optional routine 
eccountSsysforny .supériors ("C™)etlevel adresicuitypmetlul ilies 
compositional requirements for circles about the bar, can 
add originality and rare value bonus marks depending on the 
connections, fulfills above and below bar action as 
required, and may add to the overall virtuosity of the 
routine (F.I.G., 1979). The possible points accumulated 
just from including a Stalder element in a routine can be 
considerable, particularly if the movement is performed such 
that it adds execution and amplitude marks to the gymnast's 
score. In international competition where compositional 
requirements will be complete and execution/amplitude is 
generally high among all competitors, the higher scores will 
be awarded to those gymnasts whose routines swing, are 
Original in connections, and show risk. In the 1978 World 
Championships in Strassborg, France, Marcia Frederick of the 


United States won the gold medal on the uneven parallel 
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bars. This unprecedented victory was attributed to her 
daring risk, swing, and personal technique (Criley, 1978). 
Her routine contained many Stalder elements. The inclusion 
of Stalders in a routine may or may not be the deciding 
factor in a gymnast's' score. To Marcia Frederick they 
represented an important part of her victory. She even 


named her Great Dane puppy Stalder (Tanner, 1980)! 


Many elements of difficulty performed in women's 
gymnastics are moves adapted from men's apparatus. Coaches, 
for the most part, must rely on trial and error methods’ to 
develop progressions and performance styles suitable to the 
female gymnast. It is therefore imperative that sound 
research be conducted on women performing new elements to 
ascertain the critical variables which directly affect their 
performance. The Stalder has primarily been performed on 
the men's horizontal bar. However, this element is becoming 
basic to the composition of uneven parallel bars routines at 
the elite and international levels of competition. A 
thorough analysis of the Stalder will not only aid coaches 
in training female gymnasts for the specific performance of 
the Stalder, but it will also identify the critical 
variables of execution so that gymnasts may begin to master 
the components of performance of this basic skill earlier in 


their competitive careers. 
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STATEMENT OF THE PROBLEM 


The underlying responsibility of the sports 
biomechanist is to provide the teacher/coach with useful 
information on the description and performance of sports 
skills and limiting factors to successful performance. The 
purpose of the study was to investigate the handstand to 
handstand Stalder circle [Stalder] on the uneven parallel 
bars and to isolate variables which directly influence the 
performance of the skill. Investigation of the problem 


invoked examination of the following subproblems: 


Le Identification of the temporal, kinematic, and 


kinetic factors involved in the performance of the Stalder. 


2. Identification of the anthropometric, strength, and 
flexibility measures which contribute to the successful 


execution of the Stalder. 


si Identification of kinematic and kinetic variables 
which contribute to a good Stalder performance according to 


evaluation by trained gymnastics judges. 


4. Investigation of the statistical relationships 
between and among all the variables to isolate the factors 


most critical to successful Stalder performance. 
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DELIMITATIONS 


The study was delimited: 


be To ten Class I and three Elite gymnasts from the 
United States and one Elite Level III Canadian gymnast. All 


Elite level gymnasts were World Class caliber. 


2. To performance of handstand to handstand Stalder 


circles on the uneven parallel bars. 


3e To a 2-dimensional cinematographic and segmental 


analysis of the movement as seen in the sagittal plane. 


4. To analysis of selected temporal, kinematic, and 
kinetic measures OfmathermStalder sandlstheowstatistical 


relationships among them. 


DEFINITION OF TERMS 


Definition of the following terms is presented to add 


clarity to the study. 


Amplitude. The degree to which an element is taken to 
its fullest in extension, utilization of space, and _ swing. 
This term can refer to internal amplitude, the amount of 
Stretch or the actual measure of articular displacement, or 
external amplitude, the space between the gymnast and the 


rani: 


Bottom Swing. That portion of the Stalder in which the 


gymnast is passing below the rail. 
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Code of Points. The! srule »book’ soutlining all 
requirements, deductions, and instructions on routine 
construction, judging, and meet conduct. It is published by 


the Women's Technical Committee of the F.I.G. 


Compulsory. An exercise of fixed format and 
composition which must be performed exactly, by all 


gymnasts, in specified competitions. 


Difficulty. a) An element executed and awarded points 
based on the level of performance with respect to all other 


elements. 


b) A category in the point breakdown which specifies 
maximum points for the performance of skills from different 


categories and for specific competitions. 


Down Swing. The initial 180 degrees of rotation (or 
any part thereof) of the Stalder circle beginning with the 
gymnast directly above the bar (or at her initial highest 


position) until the gymnast is directly below the rail. 


Execution. The mechanical correctness of the 


performance of an element. 


Frese Ge. < International Gymnastics Federation. The 


governing body of international gymnastics. 
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Handstand. An inverted, balanced position in which the 
gymnast assumes a posture of full shoulder flexion, straight 
torso and legs, with the head in a neutral position. 
Deviations from a Straight position constitute a poorly 


executed handstand. 


Handstand to Handstand Stalder Circle. A 360 degree 
rotation about a bar in which the gymnast's only support is 
an overgrip by the hands. The movement begins in a 
handstand with the body position changing to an inverted 
Straddle dorsal hang by the end of the down Swing and 
returning to a handstand position by the completion of the 


up swing. 


Inverted Dorsal Hang. A position in which the gymnast 
is fully flexed at the hip joint and is suspended by the 


hands from a rail. The abdomen faces the rail. 


Judge. An impartial referee, trained to evaluate 


gymnastics performance according to the Code of Points. 


Muscling. A slang expression used to describe an 
execution technique of forceably attaining a _ position 
through noticeable muscular effort as opposed to swinging to 


completion. 


Optional. An exercise created entirely by the gymnast/ 
coach. The composition of this exercise is decided freely 


within the guidelines of the Code of Points. 
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Overgrip. A grasp of a rail with both hands and with 


the arms in pronation. 


Point Breakdown. A specific listing in the Code of 
Points of categories and deductions by which optional 


exercises are evaluated. 


Rock Back. Following the straddle-in, that DOEtionm oF 
the Stalder in which the gymnast rotates downward to an 


inverted dorsal hang prior to the bottom swing. 


Straddle-in. The first part of the Stalder during 
which the gymnast goes from the initial handstand to a 


position of flexion at the hips prior to the rock back. 


Straddle-out. That portion of the Stalder during which 
the gymnast returns from an inverted dorsal hang to a 


handstand position. 


Up Swing. The final 180 degrees of rotation (or any 
part thereof) of a Stalder circle beginning with the gymnast 
directly below the bar and ending when the gymnast reaches 


her highest point. 


d¢lw Sen ered dood Ailw Lies « D6 GeaTP’s Gee tre - 


\ 


rorsjanwe: al .a@ppe aA 


to «€©6sboD)6©cen? «6Ccat-6 6pmigesl i fiosve 4. ~twobdeeri Jato! 


c> Me egetot 5 


4 


) 
. 
A 
. 
~ 
oe 
“4 
4 
“ 
~ 
we 
<~ 
if 
ae 
. 
- 
A 
Fal 
Lao 
od 
ee 
‘+ 


ees lD3ons = 


a 
4 


a Se Feu Lev 


7 _ 
7 we & 
riwe ate {7 of sobae Gite oh bo? revalam 
. aie 
, ; syle ap ef-s f8heds2 : 


=» Vn 
ar. 1-43 a7 itt Ae, ers yen. Fw wy 1, Sf> told, = 
- y 


io od 200ee a {a 7 22> Yo at. obeeeo 
alii > 36 : TRO > tact sip [She 798s 


3 a prac LOR 34 hoes yew is m2 egipsest SSamteiyy BEF 


.folvleoy bhosvepaa 


: x 4 o Vx Bs] 
is S & ofliwek gd 


~— 


fo 
Jeet i st ngiw pririant ped Simao | ‘L732 2 2m \( Poaaee? g 
> ’ >i 
esriocses? Jenniivyp ont 


stan" Dy rs » €a f 7 iz { Goat we f oz vt fowad ; 


miow 36 ogni 


¥ 


CHAPTER II 


REVIEW OF RELATED LITERATURE 


This chapter is organized into two major divisions of 
literature review: (1) Stalder Action and (2) Strength 


Measures. 


STALDER ACTION 


One of the greatest honors bestowed upon a gymnast is 
that of having a new movement named after the gymnast who 
Created it or first performed it in competition. Often 
these gymnasts are Olympic gold medalists in the event in 
which a move carries their name. One such gymnast was Josef 
Stalder from Switzerland. Stalder won the gold medal in the 
combined horizontal bar exercises at the XIII Olympic Games 
in London, England in 1948 (McWhirter, 1976). The Stalder 


element was named after him (Kaneko, 1976). 


The Stalder action involves a 360 degree rotation about 
a bar beginning and ending with the body in a handstand 
position. Within the course of the circle the gymnast 
attains an inverted dorsal hang position. Because of the 
changes in body position this movement combines the 
mechanics from both long and short circling actions (Kunzle, 
LOSiP) ve Movements of this type are becoming more popular in 
uneven parallel bars exercises. "They are often used in 
exerciseS as a means of contrast, and all have, with their 


element of surprise, a dramatic effect. Although none of 
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them is easy, some should be within the compass of average 
performers. Others, such as the straddle-in and out 
[Stalder], are in the very highest class, suitable only for 


the very advanced gymnasts (Kunzle, 1957)." 


Gravity acting on the gymnast provides the force which 
causes sufficient angular momentum to allow the gymnast to 
circle the bar (Osborne, 1978). The circling forces acting 
on the gymnast throughout the swing can be resolved into two 
components - one normal to the action and acting toward the 
center of curvature of the swing and one component 
tangential to the swing (Plagenhoef, 1971). The tangential 
component serves to accelerate the gymnast in the direction 
in which it acts (Hay, 1978). Thus, the longer gravity can 
act during the down swing, the greater the angular 
acceleration to be realized. A gymnast must attempt to cast 
to a full handstand position prior to beginning the down 
Swing of the Stalder to achieve a position for the 
potentially greatest downward acceleration (Kunzle, 1957; 
George, 1980). The tangential component of force is 
computed from: mra, where m is the mass of the subject, r 
is the radius of rotation and a (alpha) is the angular 
acceleration of the body (Meriam, 1978). The length of the 
radius of rotation adds to the value of the tangential 
component. The longer the radius of rotation, the greater 
the moment of inertia of the system. Angular momentum (H), 
being a product of the moment of inertia (I) and the angular 


velocity w, can be maximized with a long radius of rotation 
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(Hopper, 1978). The gymnast must also attempt to swing 
downward with as great a radius of rotation as possible to 
maximize descent phase amplitude. Theis gew 11 maidetein 
establishing the greatest potential for swing amplitude in 


the ascent phase (George, 1980). 


The normal component of angular momentum always acts 
toward the center of curvature (Meriam, 1978). Thus, the 
gymnasts' center of mass is constantly changing position 
being compelled to move in a curved path (Barham, 1978). 
The normal component is obtained from the equation: 

2 
a =V/r +Goecos 6 

n 
(Hay, 1979) where V2/r is the squared velocity divided by 
the radius of rotation and G cos 9% is the mass of the object 
at any position. This component is also of great importance 
to the gymnast in the execution of circling movements. 
Kunzle (1957) stated that the gymnast must withstand normal 
forces of up to four times the body weight of the gymnast at 
the bottom of a giant Swing. Cureton (1939) measured forces 
of up to five times the body weight for the same. skill 
element. Sale and Judd (1974), measuring forces for the 
giant swing on the still rings, obtained values of 4.8 to 
5.4 times the body weight. Hay, Putnam, and Wilson (1979), 
studying the forces against the uneven parallel bars, used 
female subjects performing a cast from the high bar to a 
back hip circle on the low bar. They reported forces of 


3.38 to 3.60 times the body weight of their subjects. The 
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combined effects of the normal and tangential components of 
the acting forces is to be one of maximized velocity and 
acceleration at the bottom of the down swing to maximize 
potential for the technical execution and amplitude on the 


up swing (George, 1980). 


It is the aim of the gymnast to gain more momentum on 
the descent phase than is lost in the ascent phase (Osborne, 
1978). Forces act in opposition to the positive effects of 
gravity during the down swing. George (1980) attributed 
some loss of energy to grip friction and air resistance 
which would not effect the swing in a frictionless state. 
Hay (1978) stated that air resistance is a negligible factor 
and can be considered insignificant in hindering the Swing. 
Dainis (1975) stated that "the forces caused by grip 
friction are quite small compared to the forces acting ato 
Swing the body about the bar." None of these sources 
Supported their statements with quantitative data. TO 
offset this energy loss the gymnast must perform some 
muscular work in order to complete the circling action. The 
gymnast must adjust the body position to reduce the moment 
of inertia in order to ease the ascent phase of the Swing 
(Osborne, 1978). A gymnast has two basic ways in which to 
change the moment of inertia of the body (Kunzle, 1957). 
One method is to bend the elbows to bring the center of mass 
closer to the rail. The other technique used by gymnasts is 
to use subtle actions of the trunk and hips to achieve the 


Same ends. 
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The literature available on Stalder circles has been 
limited exclusively to performance of the move by men on the 
horizontal bar (George, 1969; Osborne, 1978; Kunzle, 1957; 
Shurlock, 1964; Kaneko, 1976). The research has been solely 
qualitative description of the general Stalder action. 
There is much agreement in the literature on the gross 
patterns of the Stalder, however, no kinetic or even 
kinematic data has been presented thus far to Support any of 


these analyses. 


Osborne (1978) identified two styles of Stalder 
execution which he terms early- and late straddle-in 
techniques. George (1969) stated that the "straddle-in 
action is the single most important variable in executing a 
proper Stalder." Shurlock (1964) suggested that the 
Straddle should be as wide as possible as the feet pass over 
the bar and are brought in closer to the armpits. It was 
stressed by Osborne (1978), Kunzle (1957), Dainis (1907;5 )37 
and George (1969) that maximizing the moment of inertia on 
the down swing is critical to attaining the greatest 
possible angular momentum. The wide straddle necessitates 
the hips being brought closer to the bar thus shortening the 
radius of rotation and reducing the moment of inertia. 
George's (1969) statement that the straddle of the legs be 
kept aS narrow as possible is more conducive to the effort 
of maximizing the moment of inertia. Passing the feet close 
to the bar on the straddle-in phase will help to reduce the 


torque about the hips and will aid in the execution of that 
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phase (Osborne, 1978). 


The straddle-in action is to be instantaneous, 
vigorous, and complete to reduce the torques about the hip 
and shoulder articulations (George am 909) se rther hip pike 
must be timed so that the gymnast has the maximum momentum 
and yet can still succeed in executing the straddle-in 
(Kunzle, 1957). Extension of the arms at the shoulders 
should be delayed until the flexion of the legs to the trunk 
ALeeecnemenipse 61S) “Initiated, The back is kept as flat as 
possible throughout this action to maximize the distance 
between the center of mass’ and the rail (George, 1969). 
This action occurs near the top most portion of the down 
Swing. The late straddle-in action identified by Osborne 
(1978) necessitates maintaining the extended (handstand) 
position longer into the down swing. Extension of the arms 
at the shoulder joint occurs first followed by flexion at 
the hip joint. Delaying the final extension of the arms at 
the shoulder until well into the down swing can increase the 
angular momentum in the down swing by increasing the moment 
of inertia (Osborne, 1978). Once the straddle-in action has 
occurred, the gymnast must still attempt to keep the moment 
of inertia as great as possible. Shurlock (1964) suggested 
keeping the legs near the armpits. George (1969) best 
described the action as one which requires "one's full 
anatomical range of motion with reference to the hip 


region." 
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"The result of your considerable momentum in the 
Straddle circle and the leg beat downwards as you Swing back 
is the tremendous pull on the bar. Here lies the crux of 
the movement. If you can withstand the jerk on the hands, 
the bar whips down as it gathers the energy from the body, 
then reacts sharply, throwing the shoulders and hips sharply 
upwards (Kunzle, 1957)." "Obviously you keep the arms quite 
Straight until the moment that they go slack after the 
reaction from the bar. If you do not, the publ Mat 76the 
bottom will jerk you off (Kunzle, 1957)." This description, 
though not scientifically enlightening, is a common belief 
expressed in the literature. This is often referred to as 
the bottoming effect (George, 1980). The forces acting at 
the bottom of the swing can be more than four times the 
weight of the gymnast (Kunzle, 1957). Unfolding from the 
pike position is a common occurrence (George, 1969). The 
ability to maintain an adequately decreased shoulder angle 
ENCOugh = thessbottom= ofthe “swing is® critical to the 
successful completion of the skill. The downward forces 
will tend to enhance the position of the legs relative to 
the trunk, therefore, this is not often a factor ina 
gymnast's inability to control the bottoming effect (George, 


E969 )F- 


The straddle-out action must be carefully timed. 
George (1969) suggested that the downward bowing of the rail 
in the bottoming effect should be the "tactical cue" for the 


initiation of the straddle-out. Shurlock reported that a 
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feeling of ‘weightlessness' occurs at approximately a 
horizontal position on the up swing. It is at this point 
that the straddle-out should begin. George (1969) suggested 
that shoulder flexion and hip extension occur 
Simultaneously. If timed properly, the gymnast can achieve 
a handstand position with relative ease. The straddle-out 
of the legs should be as wide as possible attempting to keep 
the motion in the frontal plane. This helps to reduce the 
moment of inertia, and thus, torque about the hip joint 
(Osborne, 1978). Also, at this point of '‘weightlessness', a 
"slip grip' action of the hands at the wrist occurs. The 
"wrists are arched onto the top of the bar to provide 


Support for the oncoming body weight (George, 1969)." 


In one point of disagreement, Osborne (1978) suggested 
that hip extension can hinder shoulder flexion if these 
actions occur simultaneously. Hip extension can be delayed 
until shoulder flexion is almost complete. This action can 
be supported by Plagenhoef (1971). He described the 
relative motion of the segments in a three link system in 
which the motion of one segment directly effects the motion 
of the other segments. Action of one segment at a time 


enhances the execution of the total skill. 
STRENGTH MEASURES 


The strength requirements of the gymnast to 
successfully perform a Stalder are primarily from isometric 


contractions to maintain the straddle-in position at the 
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bottom of the down swing. The forces that must _ be 
controlled at the hip and shoulder joints are greatest in 
this position (George, 1969). Grip strength tests have been 
an integral part of strength test batteries since the 
1880's. Total body strength can be represented quite 
adequately through grip strength measures (Bowers, 1961; 
Everett and Sills, 1952). This test has been shown to be a 
reliable measure of overall body strength and an excellent 
measure for activities involving isometric contractions of 
forearm stabilizers (deVries, 1974). Static strength or a 
Single maximum effort by a subject in a fixed position can 
be easily measured using dynamometers and the results are 
quite reliable (deVries, 1976; Hunsicker and Greey, 1957). 
This type of measure is appropriate to determine the 
strength of a gymnast performing a Stalder as the position 
of the body is relatively fixed throughout the part of the 
skill where strength is critical; the bottom of the down 
Swing. Hunsicker and Greey (1957) reported that relatively 
little difference in strength is found between the two sides 


of the body. 


Grip strength is highly correlated to weight (Pierson 
and O'Connell, 1962; Everett and Sills, 1952; Bowers, 1961) 
and has also been highly related to a mesomorphic somatotype 
(Pierson and O'Connell, 1962). Female gymnasts are often 
somatotyped around a 3 - 5 - 3 rating. This indicates a 
high mesomorphic or muscular component to their physique 


(Matthews and Fox, 1976). 
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CHAPTER III 
METHODS AND PROCEDURES 


The experimental methods for data collection and 
analysis used in the study are presented under the following 
headings: (1) General Procedures; (2) Cinematographic 
Procedures; (3) Data Analysis Procedures; (4) Judging Panel 


and Trial Ranking and (5) Statistical Procedures. 
GENERAL PROCEDURES 
Subject Selection 


The study was carried out utilizing 14 gymnasts. The 
Subjects selected for the study were one Elite Level III 
Canadian gymnast, three Elite and ten Class I gymnasts from 
the United States. Criterion for selection was the 
gymnasts' ability to perform a Stalder without the aid of 
spotting assistance. Data was collected in the latter 


portion of the competitive season. 
Anthropometric Measures 


For the purpose of investigating differences among 


subjects the following measures were taken: 


(1) Mass. Standard balance scales were used to obtain 
the weight of the subjects. Mass was calculated from this 
measure. This procedure was performed directly prior to the 


data collection sessions. 
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(2) Height. The height of each subject was measured 


using a metric tape. 


(3) Upper extremity length was measured from the 
centroid of the glenohumeral joint to the distal head of the 
fifth metacarpal of the hand with the elbow joint’ an fold 
extension. The distal head of the fifth metacarpal was 
chosen to represent the endpoint of the upper extremity 
because the fingers were wrapped around the bar during the 
skill and, therefore, did not contribute length to the body 
segment or to the total radius of the body in rotation about 


the bar. 


(4) Lower extremity length was measured from the 
centroid of the hip joint to the distal head of the fifth 


metatarsal of the foot. 


(5) Trunk length was measured from the centroid of the 
glenohumeral JOine (proximal endpoint of the upper 
extremity) to the centroid of the hip joint ‘(proximal 


endpoint of the lower extremity). 


These endpoints corresponded to the segmental endpoints 
used in digitizing procedures. Upper extremity, lower 
extremity and trunk lengths were obtained from the digitized 


data for all subjects. 
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Flexibility Measures 


Full range of motion in shoulder and hip articulations 
is recognized as an important factor in gymnastics 
performance. The flexibility in these joints was measured. 
For permanent records of active flexibility measures at the 
time of data collection 35mm still photographs were taken of 
each Subject. For measures of shoulder flexibility, 
gymnasts were seated on a mat with the legs and _ back 
Straight. The arms were flexed at the shoulder joint to the 
maximum range of motion the gymnast could attain without 
elbow flexion or forward pelvic rotation. The measure taken 
was the angle formed between the longitudinal axis of the 
upper extremity and the frontal plane above the shoulder. 
For meaSures of hip flexibility, the gymnasts attained an 
inverted dorsal hang _ position (legs straddled) on the low 
rail of a set of uneven parallel bars. The measure’ taken 
was the angle representing the flexion of the thighs to the 
trunk. Photographs were taken with an Olympus OM-1 SLR 
camera outfitted with a 50mm Zuiko lens f16 to £1.8, and 
loaded with Kodak Tri-X film, ASA 400. Camera placement was 
90 degrees to the sagittal plane of the action. A computer 
program to calculate angles from the line slopes of 
connected body segments was utilized. Segmental endpoints of 
the arm, thigh, and trunk were digitized to determine lines 
of body segments for which slopes were then calculated. The 


angle formed by the intersection of the two slopes was found 


ee, 


by using the formula: 
=e 
tan 9 = (M2-M1) /(1+M1M2) 
where tan ® designates the angle from line 1 to line 2 and M 


is the slope of each line. 
Strength Measures 


Goi pescrengthe ot both HandSmOLewall wsubjects=| was 
measured using a Stoelting Hand Dynamometer (C.H. Stoelting 
Co., Chicago, Illinois, U.S.A.) with a full scale measure of 
100kg. in one kilogram increments. The mean grip strength 
for each subject was calculated and used as the independent 


variable measure for overall muscular strength. 
CINEMATOGRAPHIC PROCEDURES 


The filming was conducted in the training facilities of 
the Oregon Academy of Artistic Gymnastics (National 
Division), Eugene, Oregon, U.S.A. Two filming sessions were 
required to film all fourteen gymnasts. Subjects performed 
two Stalders each on the high bar facing away from the low 
bar. The gymnasts executed both trials consecutively, with 
time allowed to dismount the bars and rechalk the hands if 


desired. 


For all filming sessions a Photo-Sonics 1PL 16mm camera 
was placed perpendicular to the sagittal plane of the action 
thirteen meters from the center of the rails. The camera 


waS powered with a portable battery pack. A 16mm Angenieux 
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12-120mm zoom lens, £16 - £2.2 was mounted on the camera. A 
Photo-Sonics Timing Light Generator system was hooked up to 
the camera for the purpose of marking the film with a spot 
of light at 10Hz intervals (0.1 seconds). This system 
insures exact measurement of film transport speeds. The 
camera was loaded with Kodak Ektachrome 7250 EF Color 


Tungsten light film, ASA 400. 


Stroboscopic techniques were used to calibrate the 
camera's shutter speed prior to filming. The action was 
filmed with the camera set at 100 frames per second. 
Shutter angles and exposure times were calculated according 
to the available light to allow for a minimum exposure time 
Of 1/220nu second: Light was measured with a Pentax Spot 
Meter. Three 28cm reference measures were placed on _ the 
Supports of the high bar to be used in obtaining a 
conversion factor. Appendix A contains the specific data of 


filming and camera settings. 


DATA ANALYSIS PROCEDURES 


The Cartesian (rectangular) co-ordinates for each of 
the 21 segmental endpoints and the X and Y co-ordinates of 
the rail on which the Stalder was performed were obtained 
for each frame of the film analyzed. A Triad VR/100 pin 
registered film analyzer was used to project the film images 
onto a Bendix Platen (model 9864A). The image was aligned 
with the internal axes of the board to reduce errors in 


obtaining digitized points. The Bendix Platen was 
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interfaced to a Hewlett Packard HP9825A desk top computer 
through a Hewlett Packard HP9864A Digitizer. The system 
allowed obtaining Cartesian co-ordinates accurate to .036 
cm. Co-ordinate points were recorded on a cassett-type 
Magnetic tape mounted within the HP9825A for permanent 
record. Programs written to reduce data points to useable 
form were executed on the HP9825A mini-computer in the 
Biomechanics Laboratory at the University of Alberta. 
Nees Ts Humanscale data for females were used in the 
determining of body segment parameters and the location of 
the total body center of mass in all appropriate computer 


programs. 


The purpose of the study was to statistically analyze 
differences between Stalder performances as well as carry 
out a biomechanical analysis. Therefore, the frames 
selected for analysis were chosen for two purposes: (1) to 
obtain information which would produce a complete kinematic 
and kinetic analysis of the Stalder and (2) which would get 
information on specific actions within the movement so. that 
any statistical differences revealed among performances 
could be used to pin-point exact performance variations. 


Twenty two frames were selected for analysis. 
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The 22 frames examined for each subject were: 


(1) Highest Cast Position (Straight Body) 
(2) +20 Frames 

(3) First Forward Hip Motion 

(4) Legs Parallel to Floor 

(5) Legs Perpendicular to Floor 

(6) Hips at Level of High Bar 

(7) Next Frame 

(8) Next Frame 

(9) Arms Parallel to Floor 

(10) -5 Frames from Hips Below High Bar 
(11) Hips Below High Bar 

(12) Next Frame 

(13) Next Frame 

(14) Arms Perpendicular to Floor 

(15) First Hip Extension 

(16) Hips at Level of High Bar 

(17) Next Frame 

(18) Next Frame 

(19) Arms Parallel to Floor 

(20) Legs Parallel to Floor 

(21) Full Shoulder Flexion (or Hip Extension) 
(22) Full Hip Extension (or Shoulder Flexion) 


The frames chosen for analysis were selected partially 
for the purpose of analyzing phases of the skill execution 
as well as the total Stalder action. Seven phases of skill 


execution were identified as: 


(1) Highest cast position to a position with the hips 


level to the high bar on the down swing. 


(2) Passing the high bar on the down swing. 


(3) Passing the high bar on the down swing to hips 


below the high bar. 


(4) Passing below the high bar. 


(5) Passing below the high bar to hips level with the 
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high bar on the up swing. 


(6) Passing the high bar on the up swing. 


(7) Passing the high bar on the up swing to the final 
handstand position. 

For the purpose of a complete analysis of the Stalder 
one dependent and 33 independent variables were identified 
as being critical for the complete analysis. The judges 
ranking of the trials from best to poorest performance was 
used as the dependent variable. Five of the independent 
variables: the gymnasts' mass, height, active shoulder and 
hip flexibility measures, and mean _ grip strength were 
obtained through direct measurement prior to film data 
collection. Upper extremity, lower extremity, and trunk 
lengths were obtained from the measurements on the film. 
The remaining variables were calculated or obtained by 
combining variables from the raw data and are identified 


below. 


Temporal Data. The total amount of time taken to 
complete the entire skill as well as the time of the down 
Swing, up swing, and each of the’ seven phases was 


determined. 


Angular Displacement. The total angular displacement 
of the center of mass about the rail for each Stalder, as 
well as for the down swing, up swing, and each of the seven 


phases was calculated. 
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Angular Velocity. The average angular velocity for the 
center of mass about the rail (Wr) and for the gymnast about 
her own center of mass (Wcm) was calculated for the total 
skill and all skill phases from the temporal and 


displacement data. 


Shoulder Angles and Range of Motion. The angle formed 
between the trunk and the upper extremity for all frames 
analyzed was measured. The total range of motion for each 
trial was determined as well as the average angle and range 


of motion during each of the phases. 


Hip Angles and Range of Motion. The angle formed 
between the trunk and the lower extremity for all frames 
analyzed was measured. The total range of motion for each 
trial was determined as well as the average angle and range 


of motion during each phase. 


Moment of Inertia. The resistance to turning forces 
about the rail (Ir) and about the center of mass (Icm) for 
each frame analyzed was computed using the equation: 

2 


Ate oe Se em: 


where: Ir= the moment of inertia of the gymnast about 
a transverse axis through the rail. 
mi= the mass of the ith segment 
Z 
ri = the radius of rotation of the ith segment 
about the axis of rotation. 


The average moment of inertia for all phases were also 


obtained. 
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Angular Momentum. The angular momentum about the rail 
(Hr) and about the gymnast's center of mass (Hcm) between 
each frame analyzed and an average value for all phases was 


determined. Angular momentum was computed as: 
Hr = = Tinwi 


where: Hr = the total angular momentum of the gymnast 
about the rail. 
Ii = the moment of inertia of the ith segment 
about the rail. 
wi = the angular velocity of the ith segment 
with respect to the axis of rotation. 

Energy. The changes in potential and kinetic energy of 
the gymnast circling about the rail were computed between 
each frame for the total skill. Gravitational potential 
energy waS computed from the equation mgh. Total kinetic 
energy (T) for the system was obtained by summing the 
translational and rotational kinetic energy of the gymnast 
about the rail utilizing the total local angular momentum of 
the body segments and the remote angular momentum of the 


System about a transverse axis through the rail uSing the 


following equations: 


Translational kinetic energy 


2 2 
T(t) = Bel /2n inv of Wya s) 


where: mi = the mass of the ith segment 
Vxi and Vyi = the horizontal and vertical velocities 
of the segmental centers of mass between frames 
x and x+l, respectively. 
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Rotational kinetic energy 


2 
Tifas) =F ESR 2 Tit i 


where: Ii = the moment of inertia of the ith segment 
about a transverse axis through the segmental 
center of mass. 
wi = the angular velocity of the segment 
between frames x and x+l. 


Total kinetic energy 
2 2 2 
T = Br 2ami(VX1 ete VV e+e 219281 
Deflections of the Rail. xX, Y, and linear deflections 
of the rail were measured in each frame from the digitized 
point Otemsthemerrai:. The materials and construction of a 
regulation rail are used to insure complete elasticity of 


the bar. 


Forces against the Rail. Forces produced to deflect the 
rail during the bottom swing were obtained through indirect 
force measurements from cinematographic data using the 
equation: 


2 
a = V /r+G cos 6 
n 
2 
where: v /r = the linear velocity divided by the 
radius of rotation. 
G cos 8= mass of the gymnast times the cosine of 
the angle between the vertical and the 
radius of rotation. 


JUDGING PANEL AND TRIAL RANKING 


A panel of gymnastics judges was formed for the purpose 
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of subjectively evaluating the filmed Stalders and rank 
Ordering the trials. This was done for the purpose of 
placing trials into groups for statistical analysis of the 


data. 


The trials were consecutively numbered from one to 28 
in the order they were filmed. These trial numbers were 
then randomly drawn for the purpose of editing the film and 
placing the filmed trials in a random order. Same subject 
trials were separated by at least two other performances. 
The edited film was then renumbered from one to 28 and used 


as the film shown to the judging panel. 


The panel was made up of nine experienced gymnastics 
officials. The highest rated judge held an International 
rating under the Canadian Gymnastics Federation/F.I1.G. 
rating system and had been a rated official for ten years. 
Seven of the nine judges held ratings of Provincial or 
National Judge under the C.G.F./ F.I.G. rating system. All 
had judged for a minimum of six years with the most 
experienced having judged for eleven years. The least 
experienced member of the panel was rated at a Regional 


level and had three years of gymnastics judging experience. 


The judges were instructed to rank the filmed Stalders 
from best to poorest performance as the trials related to 
each other. The judges made no attempt to arrive at a score 
for the Stalders. No instructions were given as to what to 


look for or how to evaluate the performances. Judges used 
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their own subjective evaluation and judging experience to 
compare trials for ranking. They were allowed to view the 
film as many times as they needed in order to rank the 
trials to their satisfaction. In all cases, rank ordering 
by each panel member was. arrived at independently. The 
judges were not present during the filming sessions and saw 


only the filmed trials. 


An overall ranking was made by summing the individual 
judges rankings for each trial. The sums were then ordered 
to determine the final ranking. From the judges rankings 
the trials were divided into four groups each containing 
paver trials. This division was undertaken for the purpose 
of carrying out a one way analysis of variance between the 


groups. 


The Stalders ranked highly were considered to be 
excellent performances according to the Subjective 
evaluation of the judging panel. The trials ranked in the 
lower part of the ranking were considered to be fair to poor 
examples of Stalder performance when compared to the higher 
ranked trials. The final ranking for the trials became the 


dependent variable for certain statistical investigations. 
STATISTICAL PROCEDURES 


The statistical procedures were selected in an attempt 
to obtain information which would reveal differences between 


the groups as well as the relationships among the selected 
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variables. Statistics on the data were run utilizing 
preprogrammed statistical packages prepared by the Division 
of Educational Research at the University of Alberta. The 
Program package was called XDER. The specific XDER programs 
were selected for their treatment of the data. The 
preliminary analyses were performed on all trials for 
subject-specific and total skill variables; time, 
displacement and angular velocity for all phases of skill 
execution; and kinetic variables for Phases 27,084, Pandage6. 
The results from this analysis indicated sufficient 
differences between Group I and Group IV to support carrying 
out a more specific analysis of these trials. Kinetic 
variables and certain performance differences were again 
analyzed for the total Stalder and for all phases of skill 


execution for the trials in these groups. 


One program used was XDER:DEST02. The description of 
this program includes’ the following: "This program 
calculates means, variances, standard deviations, 
covariances and correlation coefficients for a maximum of 
5 variables. The correlations may be tested for 
Significance. File output of covariances and correlations 
is also available (XDER package, Hunka, 1979).* Pearson 
Product Moment Correlation coefficients of the dependent and 
independent variables for all trials were calculated through 
the use of the computer program XDER:DEST02. t tests were 
also run within the same program to determine the 


Significance of the correlation coefficients. 
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The other XDER program used was XDER:ANOV16. "This 
program carries out a standard one-way analysis of variance 
on up to twenty variables with or without equal sample sizes 
in each group. A fixed effect model is used. The program 
also provides a test of homogeneity of variance, and 
pairwise contrasts of means using the Scheffe and 
Newman-Keuls procedures if the number of groups is 10 or 
less. Data may be ordered by group membership, or group 
membership can be identified on data cards (XDER package, 
Bn eae 9 7,9.) :.% From the judges' rankings four performance 
groups were identified. The performances of the groups were 
compared through a one-way analysis of variance using the 
program XDER: ANOVI16. In cases where a_e significant 
difference of at least a .05 level of Significance was 
obtained, a Scheffe contrast between Group I and Group IV 
waS carried out. The subject composition of the groups) and 
the judges' evaluations of the general performance of these 
groups support that contrasts between Group I and Group Iv 


be undertaken. 


CHAPTER IV 
ANALYSIS OF DATA AND DISCUSSION OF RESULTS 
INTRODUCTION 


The study was carried out utilizing 14 Class I and 
Elite level gymnasts from Canada and the United States. The 
composition of the optional uneven parallel bars routine for 
the 1980 competitive season of ten of the Subjects contained 
at least one Stalder element. Of the remaining four 
Subjects, two had Endo (forward Stalder action =-with =a 
reverse grip) elements in their optional routines. The 
Elite gymnasts had all competed the 1980 Compulsory uneven 
parallel bars routine which contained a Stalder element as 
well. All 28 trials were performed with sufficient 
technical execution to have been awarded 'B' or in 
difficulty credit in a competitive situation with a Similar 
performance (see Appendix D). However, Specific deductions 
in execution/amplitude (See Appendix C) could have been 


taken in all trials according to the judging panel. 


Respecting the definition of various Stalder types 
presented in the literature, all subjects performed an early 
Straddle-in technique in both trials. From the information 
obtained through the mechanical and statistical analyses of 
these Stalders, certain Similarities and significant 
differences were obtained between the highest and lowest 


ranked groups. The similarity in performance technique 
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2 


along with the differences revealed, set the basis for 


presentation of data analysis in this chapter. 


One trial was selected from Group I and one from Group 
Iv for specific presentation of the data. This procedure 
was undertaken for the purpose of analyzing an actual 
performance from each group rather than an artificial trial 
composed of the means of all the variables within each 
group. Selection of the specific trials to be used for 
presentation was made following the complete biomechanical 
and statistical analysis of all trials. The trials selected 
for pr eaenteiion were chosen due to their rank position 
within their groups and the similarity between the specific 
variables and the group means for the majority of those 
variables. Subject JM, Trial 2, was selected from Group 
I. This trial was ranked fourth in Group I as well as fourth 
overall. Subject AD, Trial 1, was chosen from Group IV. 
This trial was also ranked fourth within the group and 


twenty-fifth overall. 


This chapter is organized and presented under the 
following headings: (1) Subject-Specific Data, (2) Analysis 


of Data, (3) Statistical Analysis of Data, (4) Discussion 


SUBJECT-SPECIFIC DATA 


Prior to filming sessions and from the filmed Stalders 
certain measurements were taken on each Subject. 


Information on competitive experience, vital statistics, and 
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anthropometric measures were obtained to help determine 
differences among subjects. The personal and anthropometric 
measurements of JM and AD are presented in Table 1. 


Appendices E and F contain these measures for all Subjects. 


Table 1. Subject- Specific Variables Subjects For JM and AD 
re ee 


SUBJECT: JM AD 

VARIABLES 

Years in Competition 3 2 

Years Class I+ Paks) sab 

Age (years) 14.5 ie 5 

Mass (wt. in Kg) 38.56 Zon 76 
Height (cm) E47 332 129.54 
Upper Extremity 

Length (cm) 46.50 39.68 
Trunk Length (cm) AQSS 40.02 
Lower Extremity 

Length (cm) 63 32a 60.19 
xX Grip Strength (kg) 11.68 L0.34 
Active Shoulder 

Flexibility (rads) 3.68 3.49 
Active Hip 

Flexibility (rads) 3.06 Br ly, 


ANALYSIS OF DATA 


Temporal Data 


The frame designated ‘frame; 7a ' fore seacheeecra au 
corresponded to the first analyzed frame - the highest cast 
position. The actual frame number of the film relative to 
the 22 analyzed frames are contained in Table 2. Total time 
of the Stalder was taken from the first position analyzed, 
the initial highest cast, to the final position of greatest 


Shoulder flexion and hip extension. 
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Table 2. Actual Frame Numbers of Analyzed Frames. 


SELECTED FRAMES 
a2 2 3 4 5 6 7 8 9 10 at 


SUBJECT/ 


TRIAL ACTUAL FRAME 

YWw2 a at 45 S18) 82 a5 96 esik “SMe gkabef aby: 
Jy ti Zi 43 47 67 82 83 84 COS RLOG Terr! 
Ywl Lt 20 33 40 66 78 n9 80 84 99 2104 
JM2 1 21 oi: 7 evo esl 232 1933 F639 1bS1 2056 
JM1 Lo} aL 61 68 90; e203 8104" 5105 SUR 2224) 3129 
DW2 ut ae 86 91 e023" 2036" 2037 4038 1544 1ps5 B60 
Tel A 21 46 48 67 83 84 85 307 #106) ari 
DW1 i 21 64 66 965 S03  RRE4 FUES 221° 1132 3137 
NG2 £ au 61 68 S904 > 8105 2706 LY2 31121 2126 
KK2 ae 2a 45 Oe SEO) Bi?) 2h13 RETA 3421 2733 3038 
NG1 1 ZU 35 a3 78 92 93 F4>2200 5 R008 Pru3 
KK1 z 2D Dal a) ee SPS 24 25 jb22 B35 3140 
CH2 u ae 48 SOS BEOSTEE23 Sh 24 2125 2830 240 2145 
TQ2 » Zt 54 66 SO > e208 E09 2LLO 3217" 329 3134 
LW2 » 2 4l 50 SOmmt / hls 2119 £226 24) 2146 
YM1 He 2i 57 61 S/ melOo LCG 2207 LEE2° 21725 2230 
TOl a! Zi S9 44 68 86 87 88 957 e166) 2101 
JF1 he 2i 33 85 59 85 86 87 97 104 109 
YM2 1 21 4] 54 80 96 97 CSP e402 Feros 2121 
CH1 ni Zi 85 9] eee 2 £36 A187 £138 £44 4IS4. 9159 
LW1 1 ZL Sai VOPRELI £243: 3244-0245" 5953-3167 272 
JL1 Bg 3 2 56 SQ SPES 2Pi4 £21385 21.26 27388 2143 
JF2 if 21 29 33 55 81 82 83 92-2400) 3205 
JB1l Bs 20 85 Ol S117 2235. $436 “£137 $43 $453 52159 
AD1 1 re 21 39 52 76 77 78 87 94 29 
JB2 . Zu 50 53 76 96 97 98 £104 9715 2120 
AD2 1 25 48 54 85 S211 2212-2113 $22 2928 2is3 
JL2 Ai 5 21 Ga 73 #2207 £108 2109: 2020 2133-2198 
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Table 2. (Continued) 


SELECTED FRAMES 
1@s ss) 14 5 16 Ling 18 sige 20 Pei 22 


SUBJECT/ 


TRIAL ACTUAL FRAMES 


YWw2 E23 ee 24 el 27a 7 148° V49 5850 6159 171 209 227 
nn 2 cee ool pe 34s 386 189 88T40 8147 9187 194 223 
YWwl Ee C Ome OO m eh 24e 130 ot 3ils2 141 150) 197° 901 
JM2 Di OOS LG 2a Goel S0) 1Sie P82—8P91 193932242.334 
JM1 POOR Eo Trl 3S ees) 1152 9153mels4 163 166 2id6 2174 
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Subject JM completed the total action in 2.45 seconds. 
Subject AD completed her Stalder in 2.24 seconds. Temporal 
data for the total skill, the down swing and the up swing 
are presented in Table 3. 


Tableso S  TemporalsDatartor Total Skill, 
Down Swing, and Up Swing in Seconds 


ALL TRIALS GROUP I GROUP IV 
TOTAL SKILL 
RANGE PEBUSY ek) PLO) E> PA TK) Pal OA Keck Gea! 
MEAN 2.48 2.40 2258 
5-D. hee! att) s) .09 
DOWN SWING 
RANGE Pals 1 269 PelO el 69 1s503%— F365 
MEAN a0 ees 4 Were 
S.D. 04 70.5 205 
UP SWING 
RANGE ti ALAS) Ole 2S roe gees OD 
MEAN AL dhe 130 1. Le VAS 
5.D. <03 202 04 


Temporal data for the seven phases of skill execution 
show similar times between JM and AD except during the 
Straddle-in action (Phase 1) and the end of the straddle-out 
action (Phase 7). JM took 1.37 seconds to complete the 
Straddle-in action in her Stalder. AD took .79 seconds to 
complete the same action. Time differences’ for the 
Straddle-out action were reversed as AD used .96 seconds to 
achieve the final position from the point at which the hips 
were level with the rail “on the up Swing. JM took .57 
seconds to complete this action. The time of each phase for 


JM and-AD are listed in Table 4. 


4l 


Table 4. Temporal Data for the Seven Phases of Skill 
Execution for Subjects JM and AD 


a a eee a ee 


SUBJECT PHASES 

iL 2 3 4 5 6 a 
JM LL Shi 02 - 26 02 5 ERS) 02 57 
AD a 02 24 -02 725 02 -96 


Displacement of the Center of Mass about the Rail 


Performance differences between Subjects occurred due 
to the position of the body in the initial highest cast and 
the point in the up swing when attainment of the final 
position was achieved. Common differences between JM and AD 
in the starting and ending positions are illustrated in 
RIGuresm.1) “and: 2. JM began and ended the Stalder in a 
handstand position and rotated through 6.12 radians (350.65 
degrees) from the initial highest cast to the final 
handstand. AD, beginning in a _ position parallel to the 
floor and ending above the rail in an extended position, 
rotated through 5.94 radians (340.34 degrees) for the total 
skill. The similarity among all trials for displacement of 
the center of mass about the rail can be noted from the data 


in-Table 5. 
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Figure 1. Tracings of Analyzed Frames For Total 
Stalder Performance for Subject JM. 
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Figure 2. Tracings of Analyzed Frames For Total 
Stalder Performance for Subject AD. 
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Table 5. Total Displacement of the Center of Mass 
About the Rail in Radians For All Trials 


ALL TRIALS GROUP I GROUP IV 
RANGE a OO 3:0 3 62028-96229 Deh eete (eee) 
MEAN 6.07 Sheplbal 6.02 
S.D. 25 ole “ets) 


Displacement of the center#y of mass during the 
Straddle-in action (Phase 1) encompassing frames 1-6 shows a 
considerably varied pattern between the two gymnasts. JM's 
center of mass was displaced through 1.35 radians (77.35 
degrees) in the direction of the Stalder in Phase l. (hig: 
SOLE Figure 4 is a plot of the location of the center of 
mass about the rail for the total skill. The center of mass 
was displaced through a fairly smooth, oval path. The 
amplitude of the down swing was similar to the up Swing as 
the average distance between the center of mass and the rail 
while passing it on the down swing was 57.68cm and the 
radius while passing the rail on the up swing was 59.18cm. 
AD's center of mass was displaced through .74 radians (42.40 
degrees) in the direction of the Stalder during the 
Straddle-in phase (Fig. 5). The path of AD's center of mass 
about the rail is plotted in Figure 6. The path is not 
smooth indicating body position changes which greatly 
affected the center of mass. Although, the radius of 
rotation of the center of mass about the rail was 


approximately 34.0cm as AD passed the bar on both sides, the 
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Figure 3. Displacement of the Center of Mass for Subject JM. 
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Figure 4. X Y Plot of Center of Mass for Subject JM. 
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Figure 5. Displacement of the Center of Mass for Subject AD. 
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path was different. 


JM's initial highest cast position (Fig. la) was to a 
handstand above the rail. All displacement of the center of 
maSS waS poSitive with respect to the skill. AD casted 
initially to a position in which the shoulders were above 
the rail but the body was horizontal to the floor. Flexion 
of the arms at the shoulders caused the center of mass to be 
raised and displaced to a _ position above the shoulders. 
However, this action produced displacement of the center of 
mass in a line of direction opposite to the desired GirClang, 
action of the Stalder (Fig. 2a-d). Positive displacement of 
AD's center of mass did not occur until .54 seconds had 


passed from the beginning of the skill. 
Articular Displacements and Moments of Inertia 


Internal amplitude differences caused by the varying 
amounts of shoulder extension and hip flexion had a direct 
influence on kinetic variables. The amplitude of the 
initial highest cast placed the gymnast in a position which 
would directly affect the radius of rotation, moments of 
inertia and measures of angular momentum about the rail and 
about the gymnasts' own center of mass. Initial measures of 
gravitational potential energy were determined at this 
point. The initial highest cast position also had an affect 


on the amount of kinetic energy potentially available. 


JM at the highest cast position (Fig. la) had achieved 
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an upper extremity/trunk angle of 3.15 radians (180.67 
degrees) of shoulder flexion and .36 radians (20.85 degrees) 
of hyperextension of the lower extremity to the trunk. This 
position produced a measure of 27.13 Kg.m2 for the moment of 
inertia (Ir), 4.13 Kg.m2 for the moment of inertia (Icm) and 
a potential energy measure of 543.223 at the start of the 
Stalder. Due to the extended handstand position above the 
rail which was JM's initial highest cast, these measures are 
close to the maximum that JM could produce. Thus, JM _ began 
the Stalder in a position to generate optimum measures of 
angular momentum (Hr) and kinetic energy (T) in the down 
Swing. The maximizing of these variables in the down Swing 
was necessary for achieving maximum amplitude in the up 


Swing. 


Throughout the Stalder performance JM displaced the 
upper extremities through 1.47 radians (84.22 degrees) of 
extension at the shoulder. Change in hip angles measured 
3.03 radians (173.61 degrees) of displacement of the lower 
extremities to the trunk. Considering 180 degrees as full 
shoulder extension and hip flexion= in. this action, JM 
utilized 47% of the total range of motion in shoulder 
extension and 96% of the total range of motion in hip 
flexion throughout the Skill performance. Shoulder 
extension was continuous from the beginning of the skill to 
the completion of the straddle-in action (Phases 1 and 2) 
(Fig. 7). The position of the upper extremity to the trunk 


varied slightly in both flexion and extension throughout the 
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Shoulder and Hip Angles for Subject JM. 
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entire bottoming action. Continual shoulder flexion to the 
final position did not begin until the beginning of the 
Straddle-out action (Phase 6). Flexion of the lower 
extremity to the trunk was continuous throughout the entire 
down swing and remained somewhat constant as JM passed below 
the high bar (Phase 4). Extension of the lower extremities 
at the hip was continual throughout the up Swing to the 
final position. The rates of change of shoulder extension 
and hip flexion are illustrated in Figure 8, an angle/angle 
diagram. Displacement of the lower extremity occurred to a 
much greater extent than that of the upper extremity. The 
Starting and ending positions were similar with shoulder 
flexion being somewhat less at the completion of the Stalder 
than at the beginning, but handstand positions indicated by 


near maximum shoulder flexion and hip extension were shown. 


Changes in shoulder and hip angles directly affected 
the radius of rotation of the gymnast about the rail and, 
therefore, affected the moment of inertia (Ir). The changes 
in the moment of inertia follow the general pattern of 
changes in body position throughout the skill (Fig. 9)< 3 the 
value of the moment of inertia at the outset of the skill 
when JM was in a handstand position was 27.13 Kg.m2. Moment 
of inertia (Ir) decreased through the down swing as JM 
performed the straddle-in to achieve an inverted dorsal 
hang. The shortening of the radius of rotation caused a 


decrease in the moment of inertia (Ir) to 13.19 Kg.m2 at the 
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Figure 8. Angle/Angle Diagram in Radians of Shoulder 
Extension and Hip Flexion for Subject UM. 
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Figure 9. Moments of Inertia (Ir) for Subject JM. 
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end of the rock back. Through the bottom Swing the moment 
of inertia increased slightly to approximately 17.00 Kg.m2. 
This increase in the moment of inertia can be attributed to 
gravity pulling downward on the subject at the point of the 
greatest angular momentum, and causing some flexion of the 
upper extremities at the shoulders and enhancing the action 
of flexion at the hips. Throughout the up Swing and the 
Straddle-out action JM worked to return to a handstand 
position. At the final position JM's position showed 169.77 
degrees of shoulder flexion and 16.85 degrees of 
hyperextension of the lower extremity at the bipe( hig seve 
This position caused the moment of inertia to increase to a 
final measure of 27.61Kg.m2. The mean measure for’ the 
moments of inertia for the seven phases of skill execution 
are contained in Table 6. 


Table 6. Mean Measures of the Moment of Inertia (Giza) a8) 
Kg.m2 for All Phases of Skill Execution for Subject JM 


PHASE uy 2 f) 4 5) 6 7 
Segre 2 V6 GL 30 Toe A Bem] 0391548614543 E6465 


Changes in moment of inertia (Ir) were accompanied by 
changes in the moments of inertia of the body about its own 
center of mass (Fig. 10). These patterns are very similar. 
The values for the mean moment of inertia CCl) pe eOY a adel. 
phases of skill execution presented in Table 7 show that 


following the initial straddle-in until the beginning of the 
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Moments of Inertia (Ir) and Moments of 
Inertia (Icm) for Subject JM. 
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Straddle-out JM maintain a fairly constant body position 
(xIcm = 1.15Kg.m2). Comparison of the changes in shoulder 
angles to changes in the moment of inertia (Ir) show nearly 
identical patterns. Changes in the radius of rotation of 
the gymnast about the rail was most affected by the amount 
Of shoulder extension occurring. This had a strong effect 
on the moment of inertia (Ir) as well as the moment of 
inertia (Icm). The body positions displayed by JM were such 
that the hips were always further from the rail than were 
the shoulders. The moment of inertia (Icm) was not at the 
minimum potentially available to JM. Greater measures of 
moment of inertia (Ir) and moment of inertia (Icm) 
contributed toward achieving optimum measures of angular 


momentum (Hr) and kinetic energy (T). 


Table 7. Mean Measures of Moments of Inertia (Icm) 
in Kg.m2 for all Phases of Skill Execution For Subject JM 


Se a a a IN oe ee eee 


The mean averages for moment of inertia (Icom) © for 
Phases’ 1. (2.90Kg.m2) and 7 (1.89Kg.m2) appear greater than 
are the actual differences at the start and ending of the 
Stalder. At the initial highest cast position JM had an 
moment of inertia (Icm) of 4.13Kg.m2 and at the completion 
of the Stalder this variable measured 4.26Kg.m2. The 


differences in the averages of the two phases can be 
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attributed to the flexion of the arms at the shoulders 
preceding the extension of the legs at the hips sein s.the 
straddle-out. The greater mass of the legs, held in a 
flexed position would not affect a large change in the 
moment of inertia (Icm) until extension occurred later in 


the straddle-out. 


The performance technique displayed by AD produced 
different upper extremity actions, but very Similar lower 
extremity actions to JM's' performance. At the initial 
highest cast position AD had achieved 1.04 radians (59.63 
degrees) of flexion at the shoulders and 3.76 radians 
(176.24 degrees) of extension at the hips. Figure 2a 
illustrates the internal and external amplitude displayed by 
AD at the first analyzed frame. This position produced a 
moment of inertia (Ir) of 7.21 Kg.m2, a moment of inertia 
(Icm) of 1.85 Kg.m2 and a measure of gravitational potential 
energy of 217.973. Rapid shoulder flexion following the 
initial cast position caused the center of mass to be raised 
and along with an increase in the shoulder angle produced an 
increase in the measure of the moment of inertia (Ir) to 
10.19 Kg.m2 prior to any forward circling motion of the 


gymnast. 


Throughout the Stalder, AD displaced the upper 
extremity through 2.08 radians (119.17 degrees) of shoulder 
extension. This represented 66% of the possible range of 


motion to achieve full shoulder extension. The change in 


62 


A tert 
yt 4 

+ 
i + 


aii? 4% upel end Jo solenoids entcenibecdsg |) 


fn (o.o8 If.0 to (al> sree Be 


enieg ety 


io 6pxel? . se9 09 


ant ‘ sun-e lbharya } 


ons 260 sant . t9960ER. 
spjsel 8 dnetGa Jon bludge soidtecg: baxele ae 
(3 “ 
soieanssas ligew (oot) sidan’. .26. Jgnesoma 


. duo~slhba2d2 


fe : Sypiadass syqsmieirirsg weit 


sciton volesodee isegqay Ddaews 


ay | 2 fae i paolsos + 
; (78 G (eog sa 
——s rn 
. , ~ rp x >t he ne ’ #4 i ri Le ) 
x ad Ti 4 |.i38 rx? at \Paec 2 4) 
Tle : P ; 
site %%9o Hoa benvedget aff esses see 


7 


‘e 
reTT Devise teu eff Ser 


a 


: 
»% 
ee 
2 i? 


ne 


B ; a . . aad 7 
; . +> «a foot & Bone tn. BM €0.ci.30 teone 
F A * 
norxots Ssafruons Dt Gh LLe, VES eT a] yp send 
77 a: rsJjneo aty Beepes. pore Lang “Jae5 tebe ob 


sis 4 bOCLS 


aj vi sntesoal ae dtiw enpie - yet 


Io Jngmem efi2 Io sinetnom 63 2 ‘ee saxdad 

: a wy 
Pnilovio Baewu ves of tobsq So.en @L.08 
> ' oo a a ow 


¥ 


' -. , ree a5 > =. “ 


Sp | 


hip angle was through -3.06 radians (175.33 degrees) of 
flexion or 97% of the possible range of motion for the lower 
extremity. The changes in shoulder’. and hip angles 
throughout the Stalder performance by AD are illustrated in 
Figure 11. Following the initial rapid shoulder flexion at 
the beginning of the Stalder, AD performed continual 
Shoulder extension throughout the entire down swing and as 
She passed below the rail to a minimum shoulder angle of 
36.91 degrees. Shoulder flexion was performed throughout 
the entire up swing to a shoulder angle of 173.80 degrees at 
the final position. This measure was 114.17 degrees greater 
than the shoulder flexion at the initial highest cast at the 
beginning of the skill. AD achieved maximum hip extension 
(35.51 degrees of hyperextension) prior to maximum shoulder 
flexion at the completion of the skill. This is the reverse 


pattern for JM. 


The angle/angle diagram of AD's joint actions shows 
rapid hip flexion accompanied by rapid shoulder extension in 
the down swing (Fig. 12). The up swing is characterized by 
rapid hip extension followed by shoulder flexion to the 
final position. The completion of the performance was to a 
position much closer to a handstand than was the initial 
position. The moment of inertia (Ir) measured at the final 
extended position was 12.89 Kg.m2. The final position of 


the Stalder for AD is illustrated in Figure 2v. 
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Shoulder and Hip Angles for Subject AD. 
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Figure 12. Angle/Angle Diagram in Radians of Shoulder 
Extension and Hip Flexion for Subject AD. 
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The measures of moment of inertia (Ir) (hig. mo, 
throughout the skill very closely followed the changes in 
shoulder angles. the singttalenighestecast position (7.21 
Kg.m2) was followed by an increase in shoulder flexion which 
increased the radius of rotation of the gymnast, and, 
therefore, caused the moment of inertia to increase to 
10.19Kg.m2. The down swing was characterized by a decrease 
in the moment of inertia (Ir) to 3.10Kg.m2 at the’end of the 
Straddle-in action. Through the bottom swing the moment of 
inertia increased slightly to 4.61 Kg.m2 as gravity enhanced 
hip flexion by causing the legs to be drawn closer to the 
trunk and the body rotated through increased shoulder 
extension to a position in which the legs and shoulders were 
dropped below the hips thus lengthening the radius of 


rotation. 


As AD worked to return to handstand position at the 
completion of the skill, the moment of inertia increased to 
a final measure of 12.89Kg.m2. The mean measures of moment 
of inertia (Ir) for the seven phases of skill execution are 


presented in Table 8. 


Table 8. Mean Moments of Inertia (Ir) in Kg.m2 for AD 


Changes in the moment of inertia (Icm) for AD followed 
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Moments of Inertia (Ir) for Subject AD. 
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the pattern for the moment of inertia (Ir) (Fig. 14). Due 
to the larger measures of shoulder extension found for AD 
throughout the skill, the radius of rotation of her body 
about its own center of mass was quite small. Once the 
Straddle-in action was accomplished, very little change in 
the moment of inertia about the center of mass (xX = 
-53Kg.m2) occurred as displayed in Table 9. From the amount 
of shoulder extension performed, AD was in a position 
throughout most of the Stalder in which her hips were closer 
to the rail than were her shoulders. This position enhanced 
rotation of the body about its own center of mass and kept 


the moment of inertia (Icm) small. 


Table 9. Mean Measures of Moment of Inertia (Icm) 
in Kg.m2 for all Phases of Skill Execution for Subject AD 


Angular Velocity and Angular Momentum 


Gravity acting on the gymnast provided the force which 
caused the gymnast to circle the rail. Due to the downward 
acceleration produced by gravity the angular velocity and 
the angular momentum of the center of mass increased through 
the down swing and decreased throughout the up swing. 
Amplitude in body position, producing a large radius of 


rotation, was needed to maximize these variables. 
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Figure 14. Moments of Inertia (Ir) and Moments of 
Inertia (Icm) for Subject AD. 
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JM had an average angular velocity of 2.50 rads/sec 
throughout the entire Stalder. Her average velocity on the 
down swing was 1.81 rads/sec and her average angular 
velocity for the up swing was 3.89 rads/sec. The great 
angular momentum produced in the down swing enabled JM, by 
Manipulating her body positions, thus changing the _ body's 
moment of inertia, to have greater angular velocity in the 
up swing than in the down swing to conserve angular 
momentum. The changes in angular velocity produced in the 
performance of this Stalder are illustrated in Figure 15. 
Figure 16 is a plot of the smoothed data curve for angular 


velocity with respect to the average means for the phases of 


execution. Angular velocity data for all trials are 
presented in Table Os Angular velocity increased 
throughout the down swing. Through the bottom and _ up 


swings, two decreases followed by rapid increases in angular 
velocity occurred. Both of these decreases were accompanied 
by increases in the moment of inertia (Fig. 17). Changes in 
shoulder extension showed that some shoulder’ flexion 
occurred at frame 12, thus increasing the radius of rotation 
and, therefore, the moment of inertia. The second drop in 
angular velocity occurred at frame 17. Again an increase in 
the moment of inertia, caused by extension of the lower 
extremity at the hips to initiate the straddle out, caused a 
drop in angular velocity to conserve angular momentum. 
Changes in body positions immediately following the 


increases in moments of inertia caused a shortening of the 
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Figure 15. 


Angular Velocity (Wr) for Subject JM 
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Figure 16. Smoothed Angular Velocity (Wr) Curve for 
Phases of Execution for Subject JM. 
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Figure 17. Relationship Between Angular Velocity (Wr) 
and Moments of Inertia (Ir) for Subject JM. 


69 


Ty 
2 fied 
| hihi alert 3 
; ao ee 
: i : 
“ : 
. _ a | 
te" " — 
it —~o 7 S 
4 
; : 
; —— () < 
: - j dl 
p } 
i ' 
; v 
\ » 
<} FT 
; i. t 
aa a ; 
I 
<4 GO 
a iat ai | 
, 7 at h a pa 
ny a * 
, oS | 


igieak tm Jrarncel 


ca sie sateen: WO 


~ ren n 
F >» . 


Yves 


70 


radius of rotation, thus decreasing the moment of inertia 
with a consequential increase in angular velocity. This 
second increase in angular velocity occurred as JM passed 
the high bar on the up swing. Gradual decrease in the 
angular velocity occurred throughout the straddle-out phase 
aS gravity acted against the gymnast and as the moment of 
inertia increased to slow rotation as JM extended to the 
final handstand position. Between the final two frames JM 
had an angular velocity of .8rads/sec (45 degrees/sec). 


Table 10. Angular Velocity Data For Total Swing, 
Down Swing and Up Swing in Radians/Second 


ALL TRIALS GROUP I GROUP IV 
TOTAL SKILL 
RANGE Jippe WA tee Me UL Py YS) «Get Pee hd ie Jee- 2208 
MEAN eee 2.64 7h B38) 
Bel. -60 BO 2 08 
DOWN SWING 
RANGE (hase SA See Ni Sh Sas ae Me (ees 4 MS) 
MEAN Pepys Me Fong ABS) Be js) 
S.D. =O -08 06 
UP SWING 
RANGE Fae 2) Tob ob She HUME er Sisto pe) 298 —F 3 5 
MEAN So Seo Zao 8 
S.D. BAe a2 ARS) 


The angular momentum generated throughout’ the down 
Swing had to be sufficient to insure ample angular momentum 
in the up swing while gravity acted in the opposite line of 
direction to the desired movement. Changes in angular 


momentum throughout the Stalder for JM are illustrated in 
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Figure 18. Due to the force of gravity pulling the gymnast 
downward, the angular momentum increased along with the 
angular velocity in the down Swing even though the moment of 
inertia was decreasing at this time. The maximum measure of 
angular momentum reached 123.95Kg.m2/s as JM passed below 
the high bar on the bottom Swing. Drops in angular momentum 
immediately preceding and following this measure 
corresponded to the drops in angular VELOC ty soccurtinguat 
the beginning of the bottom swing and the onset of the 


seraddle—out faction (Fig. 19)¢ 


The force generated downward against the rail as JM 
passed below the bar and as measures of angular momentum 
were at their maximum was calculated to be 751.15N. This 
meaSure is equivalent to 1.99 times JM's body weight (Kg). 
Attempting to control forces nearly twice that normally 
acting on the body could have produced an eccentric 
contraction in the shoulder extensor muscles causing the 
increased shoulder flexion measured through Phase 4 which 
affected the moment of inertia, angular velocity and, 


therefore, the angular momentum. 


As JM rotated about the rail changes in body position 
caused changes in the angular velocity of her own body about 
its center of mass. These changes are illustrated in Figure 
ZO Angular velocity about the center of mass was low 
throughout the straddle-in action (Wem: Phase 1=5.71 


rads/sec) due to the slow straddling in of the legs and the 
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Figure 18. Angular Momentum (Hr) for Subject JM. 
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Figure 19. Relationships Among Angular Momentum (Hr), 
Moments of Inertia (Ir), and Angular Velocity (Wr) 
for Subject JM. 
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Figure 20. Angular Velocity (Wcm) for Subject JM. 
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small amount of shoulder extension performed in this phase. 
The rock back action caused by more rapid shoulder extension 
and hip flexion showed an increase in the angular velocity 
about the center of mass. There was a large drop in angular 
velocity (Wem) CLG ehS rads/sec to 4.62 rads/sec) 
accompanying the increase in shoulder angle that occurred as 
JM passed below the high bar (Fig. 1li-p). The eccentric 
contraction caused by gravity and the downward force of the 
gymnast's body at this point acted and placed the extensor 
muscles on forced stretch. AS a stretched muscle can 
contract more forcefully, shoulder extension could be more 
easily performed at this point even though the action was 
against the pull of gravity. Shoulder extension performed 
to reduce the radius of rotation thus decrease the moment of 
inertia (Ir) and increase the angular velocity (Wr) also 
caused the greatest measure of angular velocity (Wem) at 
26.75 rads/sec noted in the Stalder. As JM extended to the 
final position, the angular velocity (Wem) dropped rapidly 
to a low measure of -2.94 rads/sec. The angular momentum 
about the center of mass (Fig. 21) followed a very similar 
pattern to that of the angular velocity (Wem). Because the 
moment of inertia (Icm) varied very little throughout the 
skill, changes in the angular velocity (Wcm) were 


responsible for the changes in the angular momentum (Hem). 


The amount of angular momentum (Hcm) at the beginning 
(1.44 Kg.m2/s) and the end (.09 Kg.m2/s) of the skill were 


quite small. This indicates that changes in body position 
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Figure 21. Relationships Among Angular Momentum (Hem), 
Moments of Inertia (Icm), and Angular Velocity (Wem) 
for Subject JM. 
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were at a minimum. Similar patterns in the angular momentum 
(Hr) and the angular momentum (Hcm) existed indicating that 
changes about the center of mass and the rail for both 
moments of inertia and angular velocity were similar (Fig. 
22). Although there was very little rotation of the body 
about the center of mass at the end of the skill, the 
angular momentum (Hr) measured 18.64Kg.m2/s between the 
final two frames. This shows that JM had _ generated 
sufficient angular momentum in the down swing to have a 
large angular momentum (Hr) at the completion of the skill, 
thus allowing the continued rotation about the rail after 


the gymnast had attained an extended hody position. 


AD performed the Stalder with greater measures of 
angular velocity about the rail for the total skill and all 
phases (except the straddle-in action of Phase 1) than JM. 
AD had an average angular velocity (Wr) of 2.65 rads/sec for 
the total skill, 2.23 rads/sec for the down swing and 3.03 
rads/sec of angular velocity for the up swing. The pattern 
of angular velocity (Wr) showed a period of negative angular 
velocity during the beginning of the straddle-in action as 
AD rotated through the reverse line of direction of Stalder 
action (Fig. 23). Positive angular velocity (Wr) began at 
-54 seconds into the skill and increased to 7.06 rads/sec 
just prior to the bottom = swing. The drop in angular 
velocity (Wr) noted in JM's performance as she passed below 
the rail was duplicated in AD's performance. Figure 24 is a 


smoothed data curve for the mean values of angular velocity 
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Relationship Between Angular Momentum (Hr) and 
gular Momentum (Hem) for Subject JM. 
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Figure 23. 


Angular Velocity (Wr) for Subject AD. 


79 


Angular Velocity 
(rads/sec) 


1Q 


Phases 


Figure 24. Smoothed Angular Velocity (Wr) Curve for 
Phases of Execution for Subject AD. 
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(Wr) for the seven phases of the Stalder. AD showed a 
Single point of decreased angular velocity (Wr) at frame 12. 
Angular velocity (Wr) dropped from 7.06 rads/sec to 4.96 
rads/sec as she passed below the rail in Phase 4. This was 
accompanied by an increase in the moment of inertia CL) 
(tee C25.) 7. Throughout the bottom swing and the first part 
of the up swing AD's angular velocity (Wr) increased to 8.32 
rads/sec before dropping steadily through the final phase of 
the straddle-out. As AD completed the straddle-out action, 
her angular velocity (Wr) measured .1 rads/sec. indicating a 


rapid decrease in angular velocity during the up Swing. 


The pattern of changes in angular momentum (Hr) 
followed closely the changes noted the angular velocity (Wr) 
(Fig. 26). A negative measure of angular momentum (Hr) was 
Produced due the negative angular velocity at the beginning 
of the straddle-in action. Angular momentum (Hr) increased 
from the point of positive displacement of the center of 
mass through the down swing except for a drop in the middle 
of the straddle-in action. AD performed the action with a 
rapid extension of the upper extremity at the shoulders’ and 
a rapid flexion of the lower extremity to the trunk at the 
hips at the beginning of the  straddle-in. These body 
position changes caused a change in the center of mass 
within the body which produced a slight decrease in the 
moment of inertia (Ir) and a larger drop in angular velocity 
(Wr) to produce a drop in the angular momentum (Hr) at that 


point (Figure 27). Angular momentum (Hr) increased to a 
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Figure 25. Relationship Between Moments of Inertia 
and Angular Velocity (Wr) for Subject AD. 


(Ir) 


82 


Angular Momentum 
(Kg.m2/s) 


60 


ond 


| 


LO 


30 


2@ 


3 (secs) 


Figure 26. Angular Momentum (Hr) for Subject AD. 
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Figure 27. Relationships Among Angular Momentum (Hr), 
Moments of Inertia (Ir), and Angular Velocity (Wr) 
for Subject AD. 
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maximum of 50.83 Kg.m2/s just prior to the bottom swing. A 
large drop in angular momentum (Ha) erom ¥50.83Stkgim2/s to 
25.71 Kg.m2/s occurred as AD began the bottom Swing. An 
increase in the moment of inertia (Iryecaused this? drop Yin 
angular momentum (Hr). In the performance by AD, the change 
in the moment of inertia (Ir) was caused by a continuation 
of shoulder extension which caused the DOdVas stom cit ther 
rotate about itself. This caused the legs to drop which 
dropped the center of mass and caused an increase in the 


radius of rotation. 


Angular momentum (Hr) dropped off at a rate so great 
that AD had a negative measure of angular momentum (Hr) 
between the final two analyzed positions (Hr=-.06Kg.m2/s). 
This indicates that the angular momentum (Hr) generated in 
the down swing was insufficient to overcome the downward 
pull of gravity in the up swing and caused AD to begin to 
fall back down the up swing side of the rail at the 


completion of the skill. 


The force generated downward against the rail as AD 
passed below it was at a maximum for the skill and measured 
281.86N. This was equivalent to 1.07 times AD's weight 
(Kg). The angular momentum (Hr) generated in the down Swing 
was, therefore, great enough only to produce ae force 
slightly greater than AD could produce by simply hanging 
from the rail. Although this small amount of force could be 


controlled more easily by the gymnast, it indicated that 
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sufficient angular momentum to overcome the downward DUI AOL 
gravity throughout’ the entire up swing was most likely not 
present. This result is concluded from the fact the AD had 
a negative measure of angular momentum (Hr) at the 


Conclusion ofthe skill 


Measures of angular velocity (Wem) for AD were quite 
varied throughout the. skill. Six decreases in angular 
velocity (Wem) occurred indicating that body positions 
changed frequently throughout the’ skill (Pilgz 26): eetne 
greater measures of shoulder extension recorded for AD 
caused greater rotation of the body about its own center of 
mass. These greater displacements contributed to higher 
measures of angular velocity (Wcm). At two points in the 
Stalder: (1) near the completion of the straddle-in action 
(-23.26 rads/sec) and (2) near’ the completion of the 
Straddle-out action (-12.04 rads/sec), changes in the 
displacement of the body parts about the center of mass were 
negative indicating extreme changes in body position 
Opposite to those desired for Stalder performance and 
producing negative values of angular velocity (Wcm) (Fig. 
2i-p). The angular velocity (Wcm) was negative for the 
majority of the straddle-out action. This was caused due to 
the extreme hyperextension of the legs and back and flexion 
then extension of the upper extremity at the elbows. This 
work was performed by AD to compensate for the lack of 
angular momentum (Hr) and to aid in achieving the final 


position. 
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Figure 28. Angular Velocity (Wcm) for Subject AD. 
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Changes in the angular momentum (Hem) followed closely 
the changes occurring in the angular velocity (Wcm) (Fig. 
29.)". Because the moment of inertia (Icm) varied only 
Slightly, this effect on the angular momentum (Hcm) was only 
during the straddle-in and straddle-out actions when the 
moment of inertia (Icm) changes were their greatest The 
changes in the angular momentum (Hem) at the beginning 
(-9.08 Kg.m2/s) and at the end (-2.06 Kg.m2/s)) ofs the skill 
were large and negative indicating that changes in body 
position were extensive at these points. Due to the 
negative measures of both the angular momentum (Hr) and the 
angular momentum (Hem) at the end of the skill AD had to 
perform work to adjust the body position to attain the final 
extended position above the rail as there was no angular 
momentum (Hr) in the direction of the Stalder to carry the 


gymnast to a position above the rail (Fig. 30). 
Energy 


The extended handstand position attained by JM at the 
beginning of/ the Stalder put her into a position to 
potentially produce the greatest amount of angular momentum 
possible in the down swing. This) position, ~as well, 
produced a large measure of gravitational potential energy 
which would allow the generation of large amounts of kinetic 


energy (T) which could be utilized in the up swing. 
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Angular Momentum (Hem) ((J) Moment of Inertia (lem) (O) 


Angular Velocity (Wem) (A) 


Relationships Among Angular Momentum (Hem), 
(Icom), and Angular Velocity (Wem) 


for Subject AD. 


Figure 29, 
Moments of Inertia 
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Figure 30. 


Relationship Between Angular Momentum (Hr) and 
Angular Momentum (Hem) for Subject AD. 
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The location of the center of mass of the body at its 
lowest point in rotation about the rail was chosen as_ the 
datum line or zero point for measures of potential energy. 
At the initial highest cast position a measure of potential 
energy of 543.227 was obtained for JM. As would be 
expected, the measures of potential energy dropped rapidly 
through the down swing to a point of 0.00J of potential 
energy as JM passed directly below the rail. The mean 
measure of potential energy for Phase 4 was 4.703 (Fig. 31). 
This indicated that only small changes in potential energy 
occurred as JM passed below the rail at the point of 
greatest downward acceleration, angular momentum and force 
against the rail. The inverted dorsal hang position was 
Maintained at a fairly constant level. Throughout the up 
Swing, the measures of potential energy increased to the 
final position of 536.173. The measures of potential energy 
at the start and the end of the Stalder were quite similar 
indicating maximum utilization of energy and muscular work 


performed in the skill. 


The changes in total kinetic energy (T) (Fig. 32) 
increased through the down swing and decreased through the 
up Swing in opposition to potential energy measures as would 
be expected (Fig. 33). JM performed a very slow straddle-in 
action, keeping the body extended and minimizing the 
increase in angular velocity (Wr), angular velocity (Wcm), 
angular momentum (Hr) and angular momentum (Hem) for as long 


as possible. This action, although performed with an 


eta Yo neldeso! ent 
w if -J) suoetla wobtedey al gateg teowol ta 


BPE ES & Omak a9 enit ayteb 


vie: feltini. ads JA 
} 7 ; 
sa t ach ; PF A h ¢. 4 ae ania 
q to eeieznen odd ,bedosgee 
i; We (ft iT; = La ipuo dy, _ 
Gl . =) “Le a cA a 
7 


—— e) aie | 5 wekem, ‘oan 
a I muri at 


* _ . aseer MiD ai — 


wa 


- : 4 - 
24 fisvnioh Iee9sseRRae 


. 
* - au - 
a - 

4 ‘ 7 
“ce inlet - 


cq to aeumeem ofa . oc 
- ~*~ a = > >) 4 ect “ss tani 
‘4 Hag f3p3e off = 

™~ 


iy nit y: t < on \ ‘1 i3 J sD f babs 


bLiae ota al Be aot seg | 


Si 


(SE e269) (2) Yerons. sideni! Lsdozs a! pprads \ar- = 
El figuewis fedesus0h bits Hdivn mwgh stkt rmpvnads essoxont 4 


Seay aaa * gp skDeHO ab pabwe «s 
Rowe won 


page - er u Ws ee ) 


ae 


2 


Energy 
(Joules) 


600 


0 . Ue 
0 l 2 3 


Figure 31. Potential Energy for Subject JM. 
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Figure 32. Kinetic Energy (T) for Subject JM. 


Energy 


(Joules) 


600 


900 


400 


Spwie 


zlC4) 


Figure 33. 


Potential Energy (O) Kinetic Energy (T) (OD) 


Relationship Between Potential Energy and 
Kinetic Energy for Subject JM. 
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optimum moment of inertia, produced little angular velocity 
(Wr), therefore the measures of kinetic energy (T) were 
small in the beginning of the straddle-in action (0.47 - 
48.20J). As potential energy decreased, kinetic energy (T) 
increased throughout the down swing to a maximum energy 
value of 487.703 at exactly the point of zero potential 
energy. The difference between the maximum values of 
potential energy and kinetic energy (T) was approximately 
55. The difference between the amount of kinetic energy 
(T) potentially possible to produce and the amount actually 
produced can be attributed to air resistance and friction 
forces between the hands and the rail retarding the action 


of the gymnast. 


The amount of kinetic energy decreased throughout the 
up Swing except for a slight increase at the beginning of 
the straddle-out action. The increase in kinetic energy (T) 
from 275.703 to 334.003 corresponded to the increases in 
angular velocity (Wr) and angular momentum (Hr) which 
occtunned] ati. this ‘point. Muscular work performed by the 
gymnast to shorten the radius of rotation through shoulder 
and hip flexion thus decreasing the moment of inertia and 
increasing the angular velocity (Wr) coupled with the recoil 
of the rail at this same point produced enough force to 
cause an increase in the kinetic energy (T) sufficient to 
allow JM to swing to the final handstand position. Between 
the final two frames a measure of kinetic energy (T) of 


10.03 was obtained. This energy measure indicated that even 
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though JM had completed the Stalder action, her body 
possessed enough energy to continue circling the rail (Fig. 


ip-v). 


The total kinetic energy of JM circling the rail was 
computed by summing the measures of translational and 
rotational kinetic energy (Fig. 34). The changes in the 
total kinetic energy (T) were closely aligned with the 
changes in the translational kinetic energy. These measures 
were obtained by summing the horizontal and vertical 
velocities of the segment centers of mass, times the segment 
mass, about the rail (Fig. 35). Because JM showed little 
changes in body position between the straddle-in and 
straddle-out actions, the measures of rotational kinetic 
energy were smaller by comparison (Fig. 36). The changes in 
rotational kinetic energy were greatest in Phase 4 as JM 
passed below the rail. A sudden decrease in rotational 
kinetic energy followed by a large increase in rotational 
kinetic energy to a maximum performance value of 126.00J 
occurred in “the™™ bottoming action. Gravity acting to pull 
the gymnast downward cauSing an increase in shoulder flexion 
would be responsible for the drop in rotational kinetic 
energy. The rapid shoulder extension performed immediately 
following caused an increase in angular velocity (Wr) which 
aided in completing the up swing. This change in rotational 
kinetic energy corresponds to the increase in angular 
velocity (Wcm). Small increases in both rotational kinetic 


energy and translational kinetic energy occurred at the 
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Figure 34. Relationships Among Kinetic Energy (T), 
Translational Kinetic Energy, and Rotational 
Kinetic Energy for Subject JM. 
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Translational Kinetic Energy for Subject JM. 
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Figure 36. 


Rotational Kinetic Energy for Subject JM. 
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beginning of the straddle-out action as occurred in the 


kinetic energy (T). 


Due to the performance technique of AD, the greatest 
measure of potential energy prior to the down swing did not 
occur at the initial highest cast position. Potential 
energy measures rose from 217.913 to 255.873 as AD adjusted 
her body position to bring her center of mass above the rail 
in the straddle-in (Fig. 37). Once positive displacement 
began the potential energy measures dropped to a minimum 
measure of 0.00J as AD passed below the rail. Dues toe the 
continual shoulder extension and rotation of the body 
performed by AD, the center of mass of her body reached its 
lowest position in Phase 5 after the hips had passed below 
the rail but ahead of the center of mass. The mean value of 
potential energy for AD as her center of mass passed below 
the rail was 9.48J. Throughout the up swing potential 
energy increased to a final value of 274.833. This measure 
is greater than the initial measure of potential energy as 
AD completed the Stalder near the handstand position, thus 
increasing the height of her center of mass above the datum 


line at the end of the skill. 


The changes in kinetic energy (T) did not completely 
follow an expected pattern (Fig. 38). Due to a negative 
angular velocity (Wr) at the beginning of the skill aAD's 
action produced a drop in kinetic energy (T) as her body 


rose in the initial part of the straddle-in action. As 
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Figure 37. Potential Energy for Subject AD. 
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gravity caused AD to begin to displace the center of mass in 
a positive direction the measures of kinetic energy (T) 
increased through the remainder of the straddle-in. During 
Phase 2, as AD passed the rail on the down swing, she 
performed a rapid extension of the arms at the shoulders, 
thus causing a great amount of rotation about her own center 
of mass. The measure of rotational kinetic energy at this 
point is at its second highest level for the total Stalder 
at 178.203 (Fig. 39). There was a corresponding drop in the 
translational kinetic energy at this point indicating that 
the rotation caused a change in the center of mass which 
would produce less downward displacement than expected as 
well as change the horizontal path (Fig. 40). Measures’ for 
angular velocity (Wcm) during Phase 2 show a large negative 
measure (-23.26 rads/sec) of angular velocity (Wem) followed 
by an increase in angular velocity (Wem) to 43.22 rads/sec. 
These changes produced a drop in the kinetic energy (T) at 
this point in the down swing. The remainder of the down 
Swing produced greater measures of kinetic energy) mtoea 


maximum of 261.603 at the bottom of the Swing (Fig. 41). 


The maximum amount of kinetic energy, o(T)meproduced 
(261.603) was greater than the amount of potential energy 
possessed by AD at the beginning of the skill (2.55% 6 fil) 
LETC cea 2) Because potential energy is measured with 
respect to vertical displacements primarily, and kinetic 
energy (T) is affected by rotations of the gymnast about her 


own center of mass as well as the translational changes, 
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Figure 39. Rotational Kinetic Energy for Subject AD. 
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Figure 40. Translational Kinetic Energy for Subject AD. 
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Figure 41. Relationships Among Kinetic Energy (T), 
Translational Kinetic Energy, and Rotational 
Kinetic Energy for Subject AD. 
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Figure 42. Relationship Between Potential Energy and 
Kinetic Energy (T) for Subject AD. 
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differences in kinetic energy (T) due to large measures of 
rotational kinetic energy, this difference can be explained. 
The greater amount of kinetic energy (T) can be attributed 
to the very large measures of rotational kinetic energy 
(157.803) obtained at the bottom of the swing. Although a 
small drop in translational kinetic energy occurred at this 
point, the amounts of rotational kinetic energy were greater 
through the entire bottom swing than the measures of 
translational kinetic energy and had a strong effect on the 
total kinetic energy of the _ system. The measures’ of 
translational kinetic energy and rotational kinetic energy 
show that while AD rotated about the rail, the amount of 
rotational energy about her own center of mass was equal to 
Or greater than the translational kinetic energy. The small 
measures of moment of inertia (Ir) produced by AD's 
performance were not great enough to allow for large linear 
velocities of the center of mass. These small horizontal 
and vertical velocities kept measures of translational 


kinetic energy small. 


Measures of kinetic energy (T) dropped off throughout 
the up swing except for a slight increase in kinetic energy 
(T) at the start of the straddle-out action. The action 
performed by AD to aid in her up swing was to forcefully 
flex the upper extremity at the elbows. This method of 
shortening the radius of rotation, produced the result of 
decreasing the moment of inertia and thus increasing angular 


velocity (Fig. 2p-v). The increase in kinetic energy (T), 
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however, was insufficient to allow AD to Swing to a final 
position. The final measure of rotational kinetic energy of 
3.103 had to have been produced through muscling performed 
by AD as the measure of angular momentum (Hr) at the 
completion of the skill was -.80Kg.m2/s indicating a 
negative measure of angular velocity (Wr) and a downward 


displacement caused by gravity. 


Deflections of the Rail 


The action of the gymnast etcocling = the sural leeand 
internal changes’ in the System by the gymnast altering her 
body position, coupled to have an affect on the rail itself. 
The rail deflected in the direction of the applied load. 
Being elastic in nature, as a requirement of the F.1I.G., the 
rail returned to its original position when unloaded. The 
recoil action of elastic properties are instantaneous as 
loads are removed. The action of recoil could have produced 
enough force to enhance the angular velocity (Wr) of the 
gymnast, and thus, all other variables containing measures 
of angular velocity (Wr) (i.e. angular momentum (Hr) and 


kinetic energy (T)). 


Figure 43 is an X Y plot of rail deflections for the 
total Stalder for JM. The deflection pattern caused by JM's 
performance indicated large horizontal deflections during 
the down swing and up swing. However, the largest measure 
of deflection was downward during the bottom Swing. The 


large measures of horizontal and vertical velocity of the 
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center of mass indicated by large measures of translational 
kinetic energy contributed to the deflections. The mean -xX, 
Y, and linear rail deflections in all phases of the Stalder 
performance for JM are listed in Table ll. Just =prifoms to 
the beginning of the bottoming action and through Phase 4 
measures of X rail deflection decreased from 3.20cm to -41cm 
between frames 10 and 14. The recoil of the raisin =the==x 
direction occurring at this point coupled with small amounts 
of recoil in the yY direction (3.9lcom to 3.56 cm) at the 
beginning of Phase 4 could have been a contributing factor 
to the increase in angular velocity (Wr) occurring at this 
point. The increased angular velocity (Wr) contributed to 
an increase in angular momentum (Hr) which provided JM 
Sufficient force to deflect the rail in the x and Y 
directions at the start of the up Swing. Large decreases in 
Werdeflecticonsmiof 4éthe) serait (4°.34cm4 to 2.59cm) occurred 
immediately prior to frame 17. It was at this point in the 
up swing that JM's second major increase in angular velocity 
éWiri)s; angular momentum (Hr), and kinetic energy (T) 
occurred. Recoil of the rail primarily in the yY direction 
upward enhanced the velocity and momentum of the swing. The 
recoil, inward ie the xX direction, would also aid in 
bringing JM to a position above the rail without the 


necessity of elbow flexion or other muscling actions. 
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Table 11. Mean Measures of x, Y, and Linear Rail Deflections 
in cm for all Phases of Skill Execution for Subject JM. 


PHASE D4 vi LINEAR 
a ZOU Pieyee Bee 
2 42 Be 97038 
3 9255 SLs Beleeri2 
4 6.98 14.92 Lon 26 
5 B52 14.70 1577.0 
6 127.05 9.18 aS4 
7 Tee) G25) Ure LD 
Small measures in translational kinetic energy 


throughout the Stalder performance of AD were reflected in 
the small amounts of both X and Y rail deflections for the 
Skill. The amounts of angular velocity (Wr) and kinetic 
energy (T) were small. This indicates less force against 
the rail to deflect it. The mean values of MyoY, and linear 
rail deflections for all phases for AD are presented in 
Table 12. Figure 44 is a plot of X and Y deflections of the 
Ea. Loads on the rail sufficient to produce much 
deflection did not occur until the lower portion of the down 
Swing when angular velocity (Wr) and angular momentum (Hr) 
were reaching maximum levels. xX deflections decreased from 
2.88cm to .05cm through the bottomswing and the start of the 
up swing. This recoil produced force to increase the 
angular velocity (Wr) at this point. Continued increase in Y 
deflection downward from .4lcm to 2.82 cm took place during 
this phase. Recoil of the rail in the Y direction upward 
occurred just prior to the beginning of the straddle-out 


action. This enhanced the angular velocity (Wr) at this 
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point. Recoil of the rail in the X direction was small 
through the beginning of the up swing. Not enough force was 
produced by this recoil to aid AD in bringing her center of 
mass closer to the original position of the rail. Elbow 
flexion performed by AD at this point in the up Swing was 
necessary to bring her body in toward the rail for the final 
position. Initiation of the straddle-out action took place 
with the upward recoil of the rail for both JM and AD. 


Table 12. Mean Measures of X, Y, and Linear Rail Deflections 
in cm for all Phases of Skill Execution for AD. 


PHASE Xx Y LINEAR 

1 aor 4.33 4.37 

AS) Do 5.38 
5} 191. 4.80 5.70 
4 Vode 1.88 730 
5 4.91 4.37 fhesess) 
6 4.30 5.035 theta 
| 3203 4.84 De o9 


STATISTICAL ANALYSIS OF DATA 


All 14 subjects were competitive gymnasts. Subject 
participation in some level of competitive gymnastics ranged 
Grom ues?» tol av7Le years) Bi(Kask 7iiy eans)?. Class I or Elite 
competitive levels had been held over a range of one week to 
five years (X=1.9 years). There were no. statistically 
Significant differences between the groups on the number of 


years in competition or competitive classification. 
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Judges Rankings and Performance Grouping 


The ranking of filmed trials by the panel of expert 
judges was carried out to divide performances into groups 
for the purpose of Subjecting the data to a one way analysis 
of variance. This statistical treatment was used to 
determine if any significant differences existed among 
Successful Stalder performances. The trials were ranked 
relative to one another and four groups were established by 
equally dividing the 28 trials. There was strong consensus 
among the judges as to which trials were the seven best and 
seven poorest performances. They agreed that the middle 
ranked performances were all fairly similar in execution, 
therefore, there was less consistency in the exact ranking 
order of the middle 14 trials than for the top and bottom 
groups of seven. Trials which were eventually ranked in 
either the excellent performance (GrOUD Ise OL poorer 
performance (Group IV) groups were ranked within a range of 
6.5 ranking positions by all the judges. The trials which 
were eventually ranked in the middle two groups were placed 
in an order within a range of eight ranking positions by all 
the judges. Table 13 displays the Specific judges rankings 
for all trials as they were viewed on the film. A multiple 
correlation of R=+.610 between the final overall ranking and 
the total judging panel showed that there were strong 
similarities among the individual judges rankings. All nine 
judges had placed five of the top seven trials within Group 


I. Of the remaining two trials which were included in Group 
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I by the overall ranking, eight judges ranked on trial 
within the top seven with the remaining judge ranking that 
trial eighth. The last trial ranked within Group I had five 
judges place it within that group, three judges ranked it 


eighth and one judge ranked it tenth Overall. 


For the poorer performances all nine judges placed the 
two lowest trials in Group Iv. Three other trials ranked in 
Group IV _ were placed there Originally by eight of the nine 
panel members with the final judges ranking them low in 
Group ITt - Two trials were ranked in Group IV by four and 
Six judges respectively with all other rankings occurring in 


Sroupet lin 


The final ranking also indicated that nine of the 14 
Subjects had both trials ranked within the same group. 
Three of these subjects had both trials ranked in Group 
I. The remaining gymnast who had one trial in Group I) had 
her second trial ranked eighth overall. A similar Situation 
existed within Group IV, however the Subject with only one 
trial ranked in Group IV had her’ second trial ranked 
eighteenth overall. The trial numbers in rank order by each 


judge and same-subject performances are shown in Table 144 
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Table 13. Individual Judges Ranking of Viewed Trials. 


TRIAL # RANKING 
ON FILM 

1 12 ny 10 1Et 9 14 u 8 9 
2 27 24 28 22 24 215) Pai 25 25 
3 24 25 26 23 23 24 18 26 23 
4 26 An Zh 74S 26 23 ay 24 24 
5 28 28 24 28 28 26 24 28 28 
6 JEN Aue ihe 12 10 24: LS ) TREE 
a 4 3 5 3 6 6 3) 5) 1 
8 25 ZZ 22 21 27 2a a7) 23 27. 
9 23 Pane a i 27 Zu 16 20 18 26 
10 fr Z 4 1 3 u 6 6 Ss 
ioe 22 26 18 24 20 19 25 20 22 
2 5. 6 il 4 2 i 2 Z 5 
13 16 digs) ie} my) 2 iil L2 tis) 14 
14 1 14 20 16 13 20 2 ial 16 
LS 8 a) rf, 8 > 5 10 u 8 
16 20 20 23 18 16 22 Ny hh 185 
17 6 4 6 5 8 4 3 3 6 
18 14 1 9 13 i, 8 8 10 IGG 
eo 7 9 8 ts ibd Dy iL: 14 yi 
20 rs 23 19 14 14 1S) 19 16 2 
2 9 10 14 10 19 ee 16 a2 10 
22 Ae, Ue) ad 20 18 15 20 21 20 
23 18 18 16 no Le] 18 26 US 19 
24 21 107) 25 26 25 28 28 27 Fae 
ao 10 8 We 9 B5 9 Ear as 13 
26 1 16 aby IBS 22 10 14 22 18 
20 3 5 , 6 1 2 1 1 4 
28 2 A 2 2 4 2) 4 4 3 
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Table 14. Trial Ranking By Judge According to Performance 
Ranking With Final Overall Ranking, Groups and Same Subject 
Performances Indicated 


PERFORMANCE TRIAL # OVERALL FINAL 

RANKING ON FILM RANKING 

(TRIAL #) 
28 h2 10 27 2 27; 27 7 (28) 
10 28 28 12 27 12 a2 28 C27) 
i 27 V 10 28 17 17 10 (10) 
17 10 eZ 28 Ae) 28 28 27 (aay,) 
Zi. i! Py, 5 15 ih i B2 (U7) 
L2 iy) Zin 7 7 10 10 By) GES) 
5 5 19 18 10 1 15 19 (152) 
25 19 m5 17 18 18 1 15 Cl) 
19 18 25 EL 25 14 6 i (19) 
2d 1 21 6 26 TS 18 21 (18) 
18 2 ue 19 Ins) 25 14 6 (25) 
U, 25 6 a3 21 16) 21 20 (2:1) 
6 13 18 14 20 19 25 25 (6) 
14 PAM 20 20 1 26 19 a3 (13) 
13 6 26 25 Ze 6 i3 16 (14) 
26 23 14 16 9 ZU 20 14 (20) 
24 26 13 23 19 16 16 18 (26) 
a3 ddl 16 22 23 3 a 29 (16) 
22 20 23 2 Nia 20 23 23 (23) 
16 14 22 14 14 9 Lt 2 (22) 
9 22 8 9 6 2 22 24 (59)) 
8 8 2 26 16 8 26 11 Cr.) 
20 16 8 3 4 ry 8 3 ( «3) 
2 5 agi 2 3 5 “ 4a ( 8) 
3 24 4 24 2 22 2 2 (24) 
AL 3 24 4 5 23 3 9 (@-2)) 
& 4 9 8 8 & 24 8 ( 4) 
= 2 5) 5 24 24 5 5 (oe) 
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Subject-Specific Variables 


Although apparent differences existed between JM and AD 
on the subject-specific variables of competitive levels and 
anthropometric measures, these differences existed only 
between the individual subjects. For the variables: total 
years in competition, years as a Class I or higher gymnast, 
age, height, mass, mean grip strength, upper extremity 
length, trunk length, lower extremity length, active 
Shoulder flexibility and active hip flexibility the analysis 
of variance indicated that there were no Significant 
differences between any of the groups’. on any of these 
variables. Significant differences occurring between groups 
in kinematic and kinetic variables cannot be attributed to 
differences in mass or segment lengths. Appendix F contains 


all the measurements for these variables for all Subjects. 


Statistical Analysis of Biomechanical Data 


Temporal Data 


The analysis of variance showed that there were no 
Significant differences between the groups on time of the 
total Stalder (x=2.48 seconds), time of the down Swing (X= 
1.36 seconds), or time of the up swing (x=1.12 seconds). 
The analysis of variance on the temporal data for each of 
the seven phases of skill performance showed that no 
Significant differences existed between the groups. for 


Phases 1-6. The straddle-out action, Phase 7, however, was 
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completed in significantly different amounts of time by 
Groups  T™and? iv" (3PF°26¥= 3937)ee-Group 1 trials, averaging 
a straddle-out time of .74 seconds, performed this action in 
Significantly less time than the Group IV trials (xX=.96 
Seconds). The temporal data showing the difference between 
Group I and IV for Phase 7 is presented in Table 15. 


Table 15. Temporal Data in Seconds for All Trials 
in Phase 7. 


ALL TRIALS GROUP I GROUP IV 
RANGE i an 40 ~Ove =, 09 -ooe- 1.40 
MEAN 84 74 96 
o-D. obs) oath 720 


Although there was not a significant difference between 
the groups for the total time of the up swing, the 
difference during Phase 7 may have contributed to the 
Significant correlation (r=+.383) obtained between the 
overall ranking and the time of the up _ swing. This 
correlation shows a positive relationship between the faster 


up swing and the higher ranking trials. 


Displacement of the Center of Mass about the Rail 


All 28 trials completed were successful Stalders. 
There was no significant difference between the groups’ on 
the total displacement of the center of mass about the rail 
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displacement for JM and AD was indicative of the difference 
between their respective groups. The position of the 
initial cast position contributed to a significant 
difference (3 F 26 = 6.31) between Group I and Group IV on 
the displacement of the center of mass during Phase 1 or the 
Straddle-in action. Group I averaged 1.26 radians (72.19 
degrees) of center of mass displacement during Phase 1. 
Group IV showed an average displacement of .92 radians 
(52.71 degrees) of the center of mass. for the same phase 
(Fig. 45). The specific differences between the groups are 
Shown in Table 16. There were no differences in 


displacement of the center of mass for the remaining phases. 


Table 16. Displacement of the Center of Mass 
In Radians During Phase l. 


Articular Displacements and Moments of Inertia 


Differences noted in the performance techniques of JM 
and AD respecting changes in hip and shoulder angles and the 
consequential changes in moments of inertia were 
characteristic of the performances of their respective 
groups. The analysis of variance revealed significant 


differences in certain shoulder and hip angle displacements 


c y - 


‘es oO) Je evbtsolbal ew 0s, bee MG 902 dnemesetgats 
vil >» aolelbwoq ant euow. -sevivsegeds vied? asewied 
3 J Patna it s2nee neide Pe5 7RED feistial 


LAr aE hi foray 1 aoe] (fe ,a = ax q £} esao 1st tiB 


- 
ove. , 1o30eo 249 Fo Jaemecelqeth saa 
ac c 7. jz bs t Vlish.? ses t J ak-al bbs 138 7 
9 aeent tO x89 to (e9s7pene 
4 a 
t 3 teemegutceth epevevd ob Bowods VI Geom 
; en ~ a 
pem 2 jieeg o04-2o (as0s900. [TIRE i 
fy —_ . 7 


(go 7 kb OLS Eee ANT (2) ,ehe 
a 
= Fy . - y ’ 


“ a] a,agst az -wods - 


; 5 a 
o4 ye: Frese tC fies goy- D semeos ge oa 


a “i 
=i ..at aeldaeT 
; ora De! ha - 
; oe 
4 = 
be - li ee a Re re eee cee gg nlp Ae AO aes 
a ~ ~ —-—_ ee est mewe 2 = © | eae —s 


Lal eau cv. 
i f 
» = 
na) ‘LE 
4 » 
sli oil  — 
- -_ - —_ = = oe of 66,04 ee ee 
’ ; 


sistenl to s2vemod das sit ribald oe terataail . ia 
a ; } 7 


oe MG to-aznpionyss sonsnz0t7sq ody iad 3 
7 ad a 


ot 


=i J ‘ ; pe: y 
padon asone1922I¢ i 
; = 


c oe bs ae 


=z 


‘ F feast fo) 


y : io f a ‘ it . “ : if 
ere 265 te é : > - 7) 7 a , ste Oe oe 
- a = - : : ea AP 7 - > 7 7 t « - 


ay : a 
_ 


ieee 


Figure 45. Frame by Frame Comparison of Body Positions 
for Subjects JM and AD During the Straddle-in (Phase 1). 
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and in most measures of moments of inertia for phases of 
Skill execution. The overall range of motion for shoulder 
extension was a significant difference in the performances 
of the highest and lowest ranked groups (3 F 26 = 5.58). 
Group I trials averaged 1.40 radians (80.00 degrees) of 
Shoulder extension while Group IV trials averaged 2.04 
radians (116.80 degrees) for the same action (Table 17). 
The lower ranked trials demonstrated, on the average, 20% 
more shoulder extension than the performances. ranked 
highest. 


Table 17. Range of Motion of Shoulder Extension in 
Radians for the Total Stalder 


MEAN 1.68 1.40 2.04 


The Pearson Product Moment Correlation showed the 
variable of overall judges ranking to be most highly 
correlated with the overall change in shoulder angle 
throughout the skill (r=+.664). A frame by frame comparison 
of the actual measures of shoulder extension displayed by JM 
and AD is presented in Figure 46. One difference to be 
noted is the extreme variation at the beginning of the skill 
in which JM had little change in shoulder angle while AD 


performed rapid shoulder flexion then extension through the 
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Figure 46. 


Frame By Frame Comparison of Shoulder 
Angles for Subjects JM and AD. 
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Straddle-in action. Another difference occurred as AD 
demonstrated continual shoulder extension throughout’ the 
entire down swing while JM maintained a fairly constant 


shoulder angle throughout the bottom Swing. 


Analysis of the individual parts of the skill revealed 
Significant differences in the amount of shoulder extension 
performed in all phases. Displayed in Table 18 are the mean 
measures of shoulder angles for both groups in all phases. 
Group IV had greater amounts of shoulder extension, 
therefore, the shoulder angles are smaller. 


Table 18. Mean Shoulder Angles in Degrees for Group I 
And Group IV For All Phases of Skill Execution 
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PHASE GROUP I GROUP IV pee 

1 POO 2 140.49 a1 
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The actual change in shoulder angle occurring within 
each phase was different in only Phase 7 (1 F 12 = Lod) 
the straddle-out action. Group IV had an average change in 
Shoulder angle of 128.22 degrees. Group I had an average 
change of 74.91 degrees for this phase. Group mil etrials 
Showed a position of less shoulder extension throughout the 


Stalder and had less shoulder flexion to perform to achieve 
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a handstand position than did Group IV trials, so this 


difference was not unexpected. 


Although the patterns of hip flexion between JM and AD 
were quite similar (Fig. 47), the total range of hip flexion 
occurring throughout the skill also represented a 
Significant difference between the highest and lowest ranked 
groups (3 F 26 = 3.74). The trials in Group I _ showed 
greater overall hip flexion than did CroupeiVetrials (Table 
19). On the average, Group I trials actually utilized more 
than 180 degrees (X=182 degrees) of hip flexion while Group 
Iv trials averaged just under full flexion with a mean 


Change of 172 degrees. 


Table 19. Range of Motion of Hip Flexion 
in Radians for the Total Stalder 


For the variables of moment of inertia (Ir) and moment 
of inertia (Icm), the analysis of variance revealed 
Significant differences in many phases of skill execution. 
As presented previously, there were no differences between 
the groups for the variables of mass, upper extremity 


length, lower extremity length or trunk length. As moments 
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Figure 47, Frame By Frame Comparison of Hip 
Angles for Subjects JM and AD. 
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of inertia were calculated to be the <miri2, the actual 
position of the body, not the mass or length of the 
individual segments, was responsible for the differences in 
the moment of inertia (Ir) and the moment of inertia CLOM je 
The significant differences in shoulder extension for all 
phases of skill performance would be responsible for the 
differences in the radius of rotation about the rail of the 
center of mass. Figure 48 is a frame by frame comparison of 
the moment of inertia (Ir) for JM and AD. In most cases, JM 
had a measured moment of inertia (Ir) three times as great 
as AD, This difference was similar to the difference 
between the groups. The differences between GrOupEeylasand 
Group IV for the measures of moments of inertia about the 
rail for Phases 1 - 6 are shown in Table 20. Only Phase 7 
was not different in performance between the groups. The 
majority of trials completed the stalder in a handstand 
position. This would be responsible for a Similagity, not ea 


difference between Group I and Group IV. 


Table 20. Mean Measures of Moments of Inertia Cir) ein 
Kg.m2 For Group I and Group IV in Phases 1 - 6 


PHASE GROUP I GROUP IV Fe 
1 2325 10.64 12530 
2 14.27 5.94 EES 
3 13595 6.18 16.59 
4 1521.0 S25 Tieeant 
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Figure 48. Frame By Frame Comparison of Moments of 
Inertia (Ir) Between Subjects JM and AD. 
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Differences also occurred for the variable of moment of 
inertia (Icm) in five of the seven phases of skill 
performance (Rig. 49) The greater amount of shoulder 
extension performed by the trials in Group IV would be 
responsible for decreasing the moment of inertia (Icm). Only 
Phases 6 and 7 showed no mean difference between the groups. 
Phase 6 and Phase 7 make up the total straddle-out action. 
All gymnasts would have performed various amounts of 
Shoulder flexion and hip extension throughout these phases 
according to their individual techniques. The extension to 
the final position, which in most caseS waS close to the 
handstand POSIT tion; would have eliminated differences 
between the groups during this action. The measures’ of 
moment of inertia (Icm) for the different phases are 


displayed in Table 21. 


Table 21. Mean Measures of Moments of Inertia (Icm) in 
Kg.m2 for Groups I and IV for Significantly Different Phases 


PHASE GROUP I GROUP IV Bx 
1 295 1.43 3250 
Z 36 -89 4.75 
3 E23 ele) 2.03 
& 125 - 80 7.06 
5 1.18 ~/5 Cave 


Even though the straddle out action in Phase 7 did not 
Show a difference in the average moment of inertia (Ir) 


between the groups, the moment of inertia Climmconaichnemtinal 
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Figure 49. Frame By Frame Comparison of Moments of 
Inertia (Icm) Between Subjects JM and AD. 
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position did show a difference between the Groupsse(] Bfl2t= 
5.36). Group I had an average moment of inertia (Ir) of 
27.82 Kg.m2 while Group IV had an average moment of inertia 
CEnjmof LSaSs&kKg<m2? The initial highest cast position 
Showed an even greater difference in the moment of inertia 
(Ir) (1 F 12 = 18.98) with Group I trials averaging a moment 
of inertia (Ir) of 29.65Kg.m2 in a handstand position while 
Group IV averaged 11.96Kg.m2 for the initial position. tin 
most cases, less than handstand positions were attained. 
Deviations from a proper position included hyperextension of 
the lower extremities at the trunk and at the lumbar region 
of the back, and hyperflexion or insufficient flexion of the 
upper extremities at the shoulder. All of these actions 
would reduce the radius of rotation about the rail and 


decrease the moment of inertia PES eh re 
Angular Velocity and Angular Momentum 


The performance differences among the trials for the 
Measures of average angular velocity (Wr) for the total 
Skill (x=2.51 rads/sec), angular velocity (Wr) for the down 
Swing (X=2.01 rads/sec), and angular velocity (Wr) for the 
up Swing (x=3.18 rads/sec) were not sufficient to produce 
differences between the groups. However the analysis of 
variance indicated a significant difference between Group I 
(X=1.28 rads/sec.) and Group IV (x=.85 rads/sec.) on the 
mean angular velocity (Wr) during Phase 1 (3 F 26 = To). 6 


As no difference existed on the variable of time for this 
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phase, the difference indicated in displacement of the 
center of mass would have caused the difference in angular 
velocity (Wr) to occur. The angular velocity (Wr) data for 
Phase 1 specifically is shown in Table 22. The similarities 
between JM and AD for the angular velocity (Wr) for the 
Skill are illustrated in Figure 50. Figure 51 is a smoothed 
data curve of the mean angular velocity (Wr) for the phases 
of skill execution. Except for the extreme ends of the 
Skill and during the bottom Swing, AD generated greater 
measures of angular velocity (Wr) than did JM, These 
differences were representative of the groups with Group Iv 
trials generating greater amounts of angular velocity (Wr) 


than Group I trials in most phases. 


Table 22. Average Angular Velocity in 
Radians/Second During Phase l. 


ALL TRIALS GROUP I GROUP IV 
RANGE HEME te TLelons) Sek = ES 5 OT AEA 
MEAN 05 Te28 23.5 
ve Lie -06 04 SUE 


Changes in the angular velocity (Wcm) were different 


between the groups. During Phase 1, Group I had 
Significantly greater measures of angular velocity (Wem) 
than did Group IV (1 F 12 = 6.07). Through the rock back 
(Phase 3), bottom swing (Phase 4) and the beginning of the 


up swing (Phase 5), Group IV showed Significantly greater 


 - 
. > A ~ 
. 7 i 
€ a 


swe 
fe bd - ry 
ay eee 


ett? 90 SoanmeceteetS mi hessolbat, oonere23i5 add. ,seenq | 


tn fut ak .garaeebhl’ of@ heaves saved bivow eesm Yo 393nd9 
ui 


= 


J 


2 s¥eb (28> etisofew <elopte on? .soppo of (28) ysisolev” 


oLimka se ec afdeY at awofe et yiiseltisege 2 seat | 
7 : ‘a 


 w4ioale ‘sieons 684 902 GA San MO néowseds 


| oe vt F We ¥ we 5 ai Soge rI2u [ if Si6 fiite) 


- 


7, 


rot (iM) veineleow ssfepes meen ede Io sv2e9° 27a 


% phe: aSs4x%a <* yet geede® veetsacess Ii idaome 


ao3 rats, onz - pea (206 irs f , oo 
, “aS 


: ; = i 
ith sett (SW) yttoodae, eetgens Jo: ssa08 


ae © 
Z iw aanet 3 o »svizesnshe7ee1 77 0N aanne19l1 228) 


pcuens to adndede te4seqq gnitesensp Cleiae 


> 


SS : i : ey, 
peasig. tza0n af wiletisae 4 quoly # i 


4 


a 
£ 
et 
v 
a 
c 
5 
7 
ye" 
cr 
_ 
ie 
’ 
by 
~~, 
- 
a 
es) 


——« - te tent omg a tt CO AEA 
sh ln Ge co lh ee a ee) eam ee a Rage | He ae a ee ae baer a ee 


arngD BIATH’ dA 


* - “> 
} ‘ ® [ of = (See 
. - »* » 
} D, 
. DD: SZ cov ~ 
- ay 
* - Cal Ni 
ae ot) 40. 
tla ccm tll ne A a 2 ee \ ee 
= iene an deb ns om Gage 8 8 SS ee & 0 en 


—ee ee eee ee et ee Se oe - 


Angular Velocity 
(rads/sec) 


10 


6 
U EP a 
CY) al 
D u 
fa 
J) CU 
*T0 10 20 30 


JM (OQ) AD (O) 


Figure 50. Frame By Frame Comparison of Angular 


Velocity (Wr) Between Subjects JM and AD. 
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Figure 51. Phase By Phase Comparison of Angular 
Velocity (Wr) Between Subjects JM and AD. 
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measureS of angular velocity (Wem). Specific data for the 
angular velocity (Wcm) for these phases is presented in 
Lableger23'. The action of continuous shoulder extension 
throughout the entire down swing and bottom swing 
demonstrated by AD was characteristic of the trials in Group 
LAY The greater amount of shoulder extension by Group IV 
trials throughout the Stalder also would automatically cause 
greater rotation about the center of mass. A comparison of 
the changes in the angular velocity (Wcm) between JM and AD 


is illustrated in Figure 52. 


Table 23. Mean Measures of Angular Velocity (Wem) in Radians 
Second for Groups I and Iv in Significantly Different Phases 


PHASE GROUP I GROUP IV 1s 
As 3326 OO 6207 
3 eee 2 Jan fo TE EE 5.84 
4 16.80 26.84 Dh) 
5 ESS Dy 26.08 Zao8 


Group IV had, on the average, greater measures of 
angular velocity (Wr) than did Group I, but these measures 
were not Significantly greater. The differences in moment 
of inertia (Ir) were significant. The combination of these 
variables produced differences in the amount of angular 
momentum (Hr). Group I had measures of angular momentum 
(Hr) averaging twice those of Group IV. These differences 
were Significant in all phases of skill execution. The 


means and F values of angular momentum (Hr) for all phases 
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Figure 52. Frame By Frame Comparison of Angular 


Velocity (Wcm) Between Subjects JM and AD. 
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are presented in Table 24. Because only the measures of 
moment of inertia (Ir) were Significantly greater in Group I 
EnanviniGroup: IV, it is possible to assume that this 
variable caused the differences in angular momentum (Hr) to 
exist. The differences in shoulder extension between the 
groups was most likely responsible for the differences in 
the moment of inertia (Ir) and, therefore, were also a 
Significant contribution to the differences occurring in the 
angular momentum (Hr). In almost every measure of angular 
momentum (Hr), JM produced nearly three times the amount of 
angular momentum than AD. Figure 53 is a frame by frame 
comparison of angular momentum (Hr) between JM and AD The 
patterns are similar reflecting the similarities in patterns 


between Group I and Group IV. 


Table 24. Mean Measures of Angular Momentum (Hr) 
in Kg.m2/s for Groups I and IV for Phases 17 


PHASE GROUP I GROUP IV F* 

Hi Silke, 8)74 6.45 DO TAE 

TES TRS) 42.36 20.34 
3 85.62 49.05 13532 
é LO G27 63.90 11.44 
5 90208 60.98 1 Ons 5 
6 Siiea25 aslo dit LOS 
7 53.09 28.78 25.36 


The similarities in angular momentum (Hr) and angular 


momentum (Hem) for both JM and AD were also similar in their 
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Frame By Frame Comparison of Angular 
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groups. Angular momentum about the center of mass was 
different between the two groups except during the bottom 
Swing and the beginning of the up swing (Fig. 54). Group I 
had greater measures of angular momentum (Hem) in all phases 
except Phases 4, 5, and 6, where no differences existed. 
The greater measures of angular velocity (Wcm) produced by 
Group IV during these phases probably were responsible for 
no differences occurring here. The data showing the 
differences between the groups on the variable of angular 


momentum (Hcm) is displayed in Table 25. 


Table 25. Mean Measures of Angular Momentum About the 
Center of Mass in Kg.m2/s for All Different Phases 


PHASE GROUP I GROUP IV (Bes 
if oor - 88 36559 
2 24.92 17.84 abe Si) 
3 Zoe 18.89 a6 ae: 
7 se 0Y Pays chal 1.38 


ana a ama ea cen es me ce en ee ee es as (es cos ee es ees oes es sss 


Another difference between the performances of JM and 
AD was the amount of force against the rail produced in the 
down swing as measured indirectly from cinematographic data. 
JM produced more than twice the force against the rail 
during the bottom swing. Differences between Group I. and 
Group IV for force against the rail when considered in 
multiples of body weight were significant (SEF 207 =7 03.64) % 
Group I trials were subjected to forces averaging 2.51 times 


their body weight (Kg) as they passed below the rail. Group 
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Figure 54. Frame By Frame Comparison of Angular 
Momentum (Hcm) Between Subjects JM and AD. 
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Iv trials averaged a force equaling 1.69 times their body 
weight (Kg) during the bottom Swing. The forces against the 


rail during Phase 4 are listed in Table 26. 


Table 26. Force Against the Rail in Multiples 
Of Body Weight During Phase 4. 


ALL TRIALS GROUP I GROUP IV 
RANGE L207 9-9-3230 299853 .30 i207 =) 2505 
MEAN 2.6 Peto it 1.69 
S.D. ee wl? 13 


Deflections of the Rail 


Overall deflections of the rail caused by various 
forces in the Stalder were generally greater in X, Y, and 
linear measures for Group I than for Group Iv. Measurements 
Of rail deflections at Phases 2, 4, and 6 (points in the 
performance when loads were primarily horizontal or 
vertical) were subject to the analysis of variance. A 
Significant difference (3 F 26 = 10.34) in rail deflection 
in the X direction during Phase 2 was obtained. Group) 
trials produced a horizontal deflection of the rail to a 
mean of 6.42cm. Group IV trials averaged 1.70cm of x 
deflection during Phase 2. Group IV trials had greater 
measures of Y deflections than X deflections at this phase, 
but these measures were not different between the groups. 
There were differences between JM and AD in rail deflection 
for the total Stalder (Fig. 55). Patterns in their groups 


were similar, with Group I trials showing greater overall 
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amplitude in rail deflections in X and Y directions. 


Forces against tthe rail during Phase 4 were nearly 
twice as great in Group I trials than in Croupeelyeitrials. 
This load against the rail produced a difference in the 
amount of rail deflection downward. Group I produced yY 
direction deflection averaging 10.37cm through Phase 4. 
This measure was Significantly greater than Group iV trials 
(SF 26 = 3.79). which averaged 4.73cm of rail deflection 


downward in Phase 4, 
Energy 


The highest positions of JM and AD at the start of “the 
Stalder produced potential energy measures of 543.223 and 
322.873 respectively. The large difference between the two 
performances is characteristic of the differences between 
their groups (Fig. 56). The measures of potential energy 
during Phase 1 produced a Significant difference between 
GLOUpDeL sandeGroupslV.( le Baie) = 5.08). No other differences 
occurred in the down swing, but in the up swing in Phases 
5,6, and 7 the measures of potential energy for Group I were 
Significantly greater than the same phase measurements’ for 
GEOUD mL V > The differences in potential energy for these 
phases are presented in Table 27. These differences were 
probably caused due to general body position changes. Group 
I trials showed straight arms and greater overali amplitude 
in the up swing. Group Iv trials characteristically showed 


almost full elbow flexion causing the body to move in toward 
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Figure 56. Frame By Frame Comparison of Potential 
Energy Between Subjects JM and AD. 
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the rail rather than circling upward. 


Table 27. Mean Measures of Potential Energy in Joules for 
Groups I and IV for Significantly Different Phases 


PHASE GROUP I GROUP IV F* 
1 499.08 357-08 5.08 
5 ela O07 97.67, had LY 
6 166.94 92253 fb hs AM) 


The differences in potential energy naturally led to 
differences in kinetic energy (T) (Higee 57) a lnaeall seven 
phases of skill execution Group I had Significantly greater 
measures of kinetic energy (T) than Group IV. In most 
phases Group I had produced twice the amounts of kinetic 
energy (T) than Group IV. The differences in the moment of 
inertia Cir) were most likely responsible for these 
differences. Even though Group Iv had greater measures of 
angular velocity (Wr) and angular velocity (Wcm) than Group 
I, the differences in moment of inertia (Ir) and moment of 
inertia (Icm) were great enough to produce differences in 
the total kinetic energy measures (Table 28). The greater 
measures of moment of inertia (Ir) were most likely 
responsible for the differences occurring in Phases 1-6. 
The greater angular velocity (Wr) coupled with a large 
moment of inertia (Ir) at the final position during Phase 7 
was probably the cause for the difference between the groups 


during that part of the straddle-out. 
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Table 28. Mean Measures of Total Kinetic Energy in 
Joules for All Phases of Skill Execution 


PHASES GROUP I GROUP IV he 
1 63.90 23.47 37.66 
2 25532 Inefo vas iS PEWS) 
3 Peg eH ee 179.24 22529 
a 448.73 242.01 6727 
5 365.94 PAP SPARE, VN Ih 
6 336.68 180.64 21.41 
7 1S oK0) LOZ2.36 25-66 


Due to the mathematical calculation of the kinetic 
energy (T), the effects of translational kinetic energy upon 
the total were greater than the effects of rotational 
kinetic energy. It follows then that comparisons between 
the groups showed that Group I trials had significantly 
greater values for translational kinetic energy in all 


phases than Group IV trials (Fig. 58). The only exception 


was during Phase 5 (Table 29). 


Table 29. Mean Measures of Translational Kinetic Energy 
in Joules for Significantly Different Phases 


PHASE GROUP I GROUP IV F* 
1 49.55 14.55 41.75 
2 The Packet, LO873.0 Lora O 
3 Zee A PAPA a | 24.83 
4 SOUS NES NeyS S¥6) Grete: 
6 269703 LS Vises 0 O32 
7 150i 0 SSnou LL OF 
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Kinetic Energy Between Subjects JM and AD. 
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Only Phase 1, the straddle-in action was different for 


the variable of rotational kinetic energy) (1oF. 12> = 6.55) 
(1 G9): Group I trials averaged 14.333 of rotational 
kinetic energy while Group Iv trials averaged 8.91J. Body 


position differences during the straddle-in action would 


have caused this difference to occur. 


Data presented show that Group I trials - the highest 
ranked performances according to the judges panel, had 
greater measures of kinetic variables than GrOUDSE LV trials 
in almost all phases of skill execution. The analysis of 
variance revealed specific differences between the groups. 
The Pearson Product Moment Correlations revealed that 
Significant relationships between the overall ranking and 
all the variables which showed differences between the 
groups were also significant. The Pearson Product Moment 
Correlations for all trials for variables which represented 
subject-specific and total skill data are presented in Table 
30. For these variables, overall judges ranking wasS most 
highly correlated with the change in shoulder angle for the 
total Stalder (r=.664). Change in shoulder angle was 
Significantly different between Groups a and Lge 
Differences in kinetic variables were shown to have been 
Strongly affected by the amount of shoulder extension 


performed in the Stalder. 


Trunk length was next most highly correlated with the 


overall ranking (r=-.583), yet the groups were not different 
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Figure 59. Frame By Frame Comparison of Rotational 
Kinetic Energy Between Subjects JM and AD. 
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on this measure. Passive hip flexibility, in which Group I 
had greater flexion of the lower extremity to the trunk 
during the Stalder, was next most highly correlated with the 


Overall ranking (r=-.412). 


There was no difference between the groups on the total 
Simeasof the up Swing. The time for Phase 7 was different 
and this may have affected the correlation between the 
overall ranking and the time of the up swing (r=.383) 
indicating that faster Circling in the second half of the 


Skill aids in performance evaluation. 


The relationship between the overall ranking and the 
number of years in competition (r=-.327) was not 
significant. However, the correlation between the overall 
ranking and the number of years aS a Class I or higher 
competitive gymnast was Significant (r=-.457). Although 
there were no differences between the groups on these 
variables, this seems to indicate that gymnasts who had 
achieved a high level of per formance were likely to be more 
Successful in Stalder performance regardless of their tenure 


aS a competitor. 


Significant correlations between the Overall judges 
ranking and kinetic variables existed in all phases and 
variables where significant differences were revealed. All 
Pearson Product Moment Correlations between the overall 
ranking and all kinetic variables as well as values of 


angular velocity, mean shoulder angles and change in 
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Shoulder angles for all phases of skill execution are listed 


in Table®31 * 


Table 31. Pearson Product Moment Correlations Between 
the Overall Judges Ranking and All Kinetic Variables 
for All Phases of Skill Execution 
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PHASE 1 2 3 4 5 6 u 
VARIABLE 
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DISCUSSION 


The purpose of performing a Stalder is to add to the 
composition and difficulty level of a competitive uneven 
parallel bars’ routine. Evaluation of a specific element 
within a routine by the judges will included assessment of 
the technical execution of the element, the degree of 
internal and external amplitude displayed, the amount of 
Swing or fluidity within the skill and between the preceding 
and following connecting moves, and the level of difficulty 
of the skill as listed in the current F.I.G. Code of Points. 
Difficulty of the Stalder is dependent on the final position 


attained by the gymnast. Stalders performed to a final 
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handstand are given 'C! difficulty while Stalders performed 
to a clear support or less than handstand position are given 
only 'B' difficulty (See Appendix D). This classification 
puts strong emphasis on the up Swing and straddle-out action 
Phases of the Stalder. The initial position of the Stalder 
does not influence the difficulty value placed on the 
element. Casting to less than a handstand at the beginning 
of the skill might cause amplitude deductions to be taken. 
The importance of the initial handstand lies with the effect 
that this position will have on kinematic and kinetic 
variables within the total skill. Casting to less than a 
handstand above the rail at the beginning of the Stalder 
puts the gymnast at a disadvantage in terms of developing 
Maximum amounts of angular momentum (Hr) in the down Swing. 
The measures of angular momentum (Hr) in the down swing 
directly affect the angular momentum (Hr) in the up Swing 
and the ability to overcome the downward pull of gravity and 
allow the gymnast to Swing to the final position. 
Therefore, even though the initial position of the skill is 
not evaluated in the difficulty TabinggpOmeethemesk isl and t 
definitely affects the ability of the gymnast to complete 


the Stalder in a handstand position. 


The ranking of the trials by the judging panel was 
consistent with the difficulty rating even though the study 
was carried out prior to official use of the newest Code of 
Points which is the first Code to include the Stalder sinzits 


table of elements. All Group I (highest ranked) trials 


> 
a 
2 


crotise erabisdR elidw ytlwosFRt® "2" weep aoe Rs «| 


- soltisog bnaveboed nada eael so Spoquwe daato,s.o2 


vi 


etc whit 40 xttmeqgA ef) -ydfen F316 ‘a! ying’ 


>. 


i : elthersa bas oniwe qn wid OO elserique: prose Asug oF 


‘ — == 7 
4% 2o nekdiees [eiiint ed? - .eeeiess ons to. ssesdg = 


ud 


iiper 1d Peeaehesd « nods opel Of ents6e2 »inene.s 
' | we 
opheb shotilens eave seigim ifidea edd 3a 
) i > toe 
thw aedt bneseaned (ehtinl 88320 sonas20gmigs 
16 colvemendd te mt Lilw aeidiueq ald 
= : ; . : : a 
“net Iiide Intot edd alddiw esildatae 
’ a 
ade ta i469 of4 #vods - bnezem 
>. 3x ued pl-apetrevhest!® 6. 9e taanmyp of3, eam 
| a 
woh ens pt (xB) eotnenoe taieeem 30 Aenrors mua xe 
Zz 
uvinemen iaslepes do son1vsaom 
aH) opstemen seiegeta <ede goekts yitooxke 


F iar biswir oF atid. ofopgevo Gg? v2 i {ids sit 
“ a8 _ ~ ) i 
:% 1 ods pelwe o@. J@nnmyp en@ wOm 


[> 


i, : t. fe) , 1G J [ ‘ 7¢ =" {3 ce i odd (7932 s30893 
| | = 


- 


+ _t5542 Bf? im wakes oaituat’ 28- dl ni bosquiewe di sor 


paadeece od, Jeaceye $43 Yo -ys! itds ont stoeSts viedinitel 


one | ot ee —; 10d ttkog bas tebead s Ld rehles® om 


; 2 yi Beis at's ; = Laer tt 


i. a ee Sar 


ws" © 


i‘ 
} 


“~~ a 
- 6g 
an 


>to 


157 


completed the Stalder in a handstand position. Most Group 
Iv (lowest ranked) trials ended in a clear support position 
Or poorly executed handstand. It is the nature of uneven 
parallel bars work that all moves Swing to completion rather 
than finish through press or muscling actions. The ranking 
of the trials was consistent on this point with Group I 
trials swinging to a final handstand with very little elbow 
flexion noted to aid in muscling actions. Group Iv trials 
characteristically showed poor body positions, total lack of 
Swing to the final position, and noticeable muscling from 
the arms to attain the final position. The difference 
reported in the amount of angular momentum (Hope ina the tup 
Swing affected the ability of the gymnasts to swing to the 
final position. Group I trials Characteristically attained 
the final extended body position prior to the end of the up 
swing, but had sufficient angular momentum (Hr) to continue 
to swing to the handstand above the rail. Many Group Iv 
trials had zero or negative values of angular momentum (Hr) 
at the end of the up swing. In order to complete the skill 


muscular work had to be performed to overcome gravity. 


Differences in the Starting positions for the two 
groups was different with Group I trials averaging 35 
degrees more rotation in Phase 1 than GroupelVe trials: ite, 
waS strongly stated in the literature and Supported by the 
Study that gymnasts who began the skill close to the 
handstand and with an extended body could generate greater 


Swing and angular momentum (Hr) in the down swing. The 
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later in the down Swing the straddle-in action took place, 
the greater yet the potential for successful performance. 
This was supported by the study as well. Although all 
Subjects performed an early straddle-in technique (flexion 
at the hips occurred prior to extension at the shoulders), 
Group I performed a slower Straddle-in action which was not 
completed until the hips were level with the high bar on the 
down swing or later. Group IV trials performed very rapid 
Straddle-in actions and completed the action prior to the 
hips reaching the level of the rail on the down swing. This 
performance technique was Supported by George (1969) who 
defined the straddle-in as the most Critical portion of the 
Skull. He reported that the straddle-in should be 
instantaneous. The study Supports Osborne's (1978) 
Statements that delaying the straddle-in action will enhance 
the generation of greater amounts of angular momentum by 
maintaining a longer radius of rotation in the down Swing. 
Groups I trials had Significantly greater measures of moment 
of inertia (Ir) throughout the down Swing than Group Iv 
trials. It was supported by the data that this measure 
contributed to significant differences in the amount of 
angular momentum (Hr) created in the down Swing as well. 
Because there were no differences between the groups on the 
variables of mass or segment lengths, differences in the 
moment of inertia (Ir) were caused primarily by less 
Shoulder extension by Group I trials and to some extent to 


the slower straddle-in action of the legs which would aid in 
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2 


maintaining a longer radius of rotation. 


Most sources in the literature discussed the necessity 
of maintaining a narrow Straddle of the legs in the 
Straddle-in action to help increase the moment of inertia. 
FN geGroup, jel setrdals.»-maintained a very narrow straddle 
position with some trials not Showing a separation of the 
feet at all until it was necesSary to pass the legs by the 
hands in the rock back action. Group Iv boa Usveeiniigencra i. 
performed the straddle-in with a wide straddle. This was 
necessary in order to pass the feet over the rail before the 
rock back due to the closeness of chem hipsiescto hethemrnai) 
caused by the large amount of shoulder extension performed. 
This action would have reduced the radius of rotation and 
had an affect on the moment of inertia was well. The 
performance of the bottom Swing was very different between 
the groups. The small amount of shoulder extension 
performed by Group I trials caused the hips to be further 
from the rail than the shoulders. This helped to maintain a 
large measure of moment of inertia and, therefore, angular 
momentum through the bottom swing. This position also put 
the gymnasts in a_ position to perform either flexion or 
extension of the upper extremity at the shoulders. Shoulder 
flexion did occur just prior to the Straddle-out action. 
This caused a reduction in the moment of inertia and an 
increase in angular velocity to conserve angular momentum in 
the up swing. This action was coupled with the recoil of 


the rail. The increase in angular velocity plus the 
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additional force Produced by the rail aided Groupel trials 


in the completion of the skiliz 


In contrast, the Group IV trials showed continuous 
Shoulder extension from the rock back through the bottom 
Swing. This caused the gymnasts to completely invert and 
Placed the hips closer to the rail than the shoulders. The 
literature supports holding a sufficiently decreased 
Shoulder angle to prevent the body from unfolding as it 
passed below the bar. The Opposite effect occurred in Group 
Iv trials. As the gymnasts passed below the rail there was 
an increase in shoulder extension which caused the gymnasts 
to 'fold' further into an inverted dorsal hang. In@ethis 
position, the only changes in shoulder position could come 
from shoulder flexion which would cause an increase in the 
radius of rotation. This would increase the moment of 


inertia and cause a decrease in the angular velocity. 


The study supported Osborne's disagreement to George's 


Statements relative to the actions of hip and shoulder 


articulations in the straddle-out. George reported that 
shoulder flexion and hip extension could occur 
Simultaneously throughout the straddle-out. The Group I 


trials all performed the Straddle-out by completing shoulder 
flexion prior to hip extension, Osborne's statement, 
Supported by Plagenhoef, that Simultaneous actions could 
inhibit each other was Supported through the actions of the 


Group IV trials. Rapid hip extension at the start of the 
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Straddle-out was performed. Little or no shoulder flexion 
was noted during this action. As hip extension was 
completed flexion at the elbows occurred in order to Support 


the gymnast. 


Rail deflections also appeared to affect the 
performance of the Stalders. Significant differences in 
rail deflection in the x direction during Phase 2 and in the 
Y direction during Phase 4 may have been responsible for 
increases in angular velocity and angular momentum at the 
Start of the straddle-out when recoil of the rail occurred 
in the up swing. Increases in these variables occurred FOr 
all trials at this point. The additional force for Group I 
trials may or may not have made a difference in the outcome 
of the skill as Group I _ had large amounts of angular 
momentum in the up swing. The additional force produced by 
recoil of the rail may have made the difference in 
completing the Stalder for CroupelV “trialssas they possessed 
small amounts of angular momentum in the up Swing and any 


increase would have been advantageous to performance. 


One difference between the highest and lowest ranked 
trials is the apparent ease in execution. The greater 
amounts of angular momentum and kinetic energy generated by 
Group I trials made the Significant differences to the 
performances by Group Iv trials. Differences in the amounts 
of these variables can be attributed primarily to the amount 


of shoulder extension performed throughout the skill. 
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CHAPTER V 
SUMMARY AND CONCLUSION 


The study was undertaken in an attempt to gain greater 
understanding of the biomechanical factors involved in the 
performance of the Stalder on the uneven parallel bars with 
respect to the general action of the Skill as well as the 
CEltica lL factors which contribute to the successful 
performance of the Stalder. Fourteen gymnasts of Class I 
and Elite caliber were used as Subjects. They were filmed, 
in the sagittal plane, performing two Stalders. The trials 
were filmed at 95 frames ber second with a Photo-Sonics 1prz 
16mm camera. A Hewlett-Packard 9825A mini-computer was used 
to receive and store digitized data points from a Bendix 
9864A Digitizing Board. Computer programs written for the 
HP 9825A were used to reduce the data into specific 
kinematic and kinetic variables. aA panel of expert judges 
viewed the film and ranked the trials from best to poorest 
as they compared to each other. The ranked trials were 
divided into four groups each containing seven trails. The 
data were then subjected to a complete biomechanical 
analysis. Statistical treatment of the data supplied 
Pearson Product Moment Correlations between the variables 
and a one way analysis of variance revealed Significant 
differences between the groups on specific anthropometric, 


kinematic and kinetic variables, 
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CONCLUSIONS 


On the basis of the data collected and analyzed in the 


Study, the following conclusions seem supported: 


1. Complete Stalder performance can be accomplished 
with a variety of techniques, however, certain styles are 
more effective in optimizing critical kinetic variables and 


influencing judges evaluation of the Skill. 


28 A Bhaghselleve ln “of gymnastics expertise is more 
conducive to the success of Stalder performance than simply 


tenure as a competitor. 


te Stalder performance is initially enhanced by a 


Starting position in or very near a handstand. 


4. Good execution of the initial handstand increases 
control and maximizes the distance between the center of 


mass of the gymnast and the axis of rotation. 


5. The straddle-in action of the legs should be 
delayed as long as possible in the down Swing, and performed 
Slowly, to maintain an optimum radius of rotation to 


maximize the moment of Inemtian (tr): 


6. The straddle of the legs in the straddle-in action 
Should be kept as narrow as possible to minimize body 


position change and to maximize the moment of inertia (Ir). 


7. Minimal extension of the upper extremity to the 
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trunk at the Shoulders, from the initial handstand position, 
should occur to Maximize the radius of rotation of the 
gymnast to the rail, This single measure has a direct 
affect on the amounts of moment of inertia (Ir), moment of 
inertia (Icm), angular momentum (Hr), angular momentum 


(Hem), potential energy and kinetic energy @(T), 


ote Minimum amounts of Shoulder extension place the 
gymnast in body positions which are conducive to. subtle 
changes’ in body position which favor increases in shoulder 


extension rather than Shoulder flexion. 


9. Hip flexion should be maximized, however, range of 
motion in hip action is less important to successful Stalder 


performance than is shoulder range of motion. 


LO. Maximized moments of inertia throughout the down 
Swing contribute to greater rail deflections by contributing 
to greater horizontal and vertical velocities of the center 


of mass, thus, increasing the loads against the rail. 


un he Body positions throughout the entire Stalder 
Should be such that the hips are always further from the 


rail than are the shoulders, 


12. Straddle-out actions shoulda be timed to begin with 


the recoil of the rail on the upswing. 


ike he A wide straddling of the legs, in the frontal 


plane, during the straddle-out will not affect the radius of 
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rotation as much as Straddle-out with the action of the legs 
in the sagittal plane. This action is desirable in that it 
will not affect changes in moments’ of inertia or angular 


momentum. 


14. Extension of the legs at the hips should occur 
throughout the straddle-out action. The final action made 
to attain the final handstand should be hip extension. 
Slower extension of the legs have less effect on center of 


mass changes in will not inhibit Shoulder flexion. 


5A Shoulder flexion followed by hip extension into 
the final handstand position enhances Swing and ease in 


attaining the final position, 


LO Good Stalder performances produce forces of 1.99 
to 3.30 times the body weight of the gymnast as. she passes 


below the rail at the bottom of the swing. 


iL/ae Recoil of the deflected rail in Stalders with 
Optimum angular momentum (Hr) and kinetic energy (LD). 
measures may produce sufficient force to increase the 
angular velocity (Wr), thus, increase the angular momentum 


(Hr) and kinetic energy (T) in the upswing. 


IMPLEMENTATIONS 


The following statements, based on the results of data 
analysis and conclusions of the Study, are included for the 


purpose of implementations of the results of the study: 
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Le Gymnasts should be highly skilled in basic uneven 
Parallel bars actions before attempting handstand to 


handstand Stalder circles: 


Ze Coaches, through review of high speed film and 
familiarity with research findings, should be completely 


familiar with optimal performance techniques of the Stalder. 


3% Coaches should make every effort to get their 
gymnasts to minimize shoulder extension throughout’ the 
Stalder. This one factor directly affects the greatest 


number of critical variables to successful performance. 


4. Judges should focus attention on the upper body 
action to fairly evaluate Stalder performance with respect 


to biomechanical considerations. 
RECOMMENDATIONS 
From the results of the Study it is recommended that: 
ee un tner Study be undertaken: 


a. with additional instrumentation to obtain precise 
knowledge of the interaction between the gymnast and the 


ravi 


b. to measure shoulder girdle Strength relative “to 
Maintaining an open inverted dorsal hang position in the 


performance of a Stalder. 


c. of Stalder performance in a competitive situation. 
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a Studies be conducted with a greater number of 
Subjects, both skilled ana unskilled in Stalder performance, 
to determine more Specifically the factor which limit 


execution of the Stalder. 
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Filming Data 
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Height of Lens 


Camera to Subject 
Distance 


Reference Measures 


Film 


ASA 


Camera Frame Rate 


Timing Light Generator 


Setting 
Light Meter Reading 
Shutter Angle 
Exposure Time 
Aperture 


Development 


SESSION I 
May 13, 1980 
229cm 


229cm 


13m 
28cm 


Kodak Ektachrome 
7250 EF Tungsten 


400 


LOOSE /s 


LOHZ 
9.5 
E20, 
1/300 sec. 
Der 


Normal 
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APPENDIX B 


Judges Data 


EE 


CGF/FIG YEARS OF 
NAME RATING JUDGING EXPERIENCE 
RN ET ena ee 
Kathy Krystofiak National 1 6 
Doreen McCharles National 2 10 
Betty Nadurak National 1 7 
Dorothy Ostrowercha Regional 2 3 
Joan Payne Provincial) 2* 10 
Jill Prendergast** International 10 
Susan Rouse Provincial i 
Yvonne Van Sost Provineia le 6 
Judy Weppler National 1 inal 


ak. 


* National Eligible 1980-81 
** A.G.F. Women's Judging Chairperson 
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APPENDIX C 


Correlation Matrix of Judges Rankings 


*) XIGMATSA ‘ 


eho to xivyteM solssiaiyo> 


LBL 


00°T hI8 Eta (SWE Cas OS CeeY.C Ve anne. Come) Cal S87 ° shee 6 
EN Pe O Ome. Sls ee ihre Vol [050g 110 Gommep oon VV 8 
Co lean Oil Lis 00°T SO eam oY Ce Oy eS Oe Gols VU Co Cre L 
CCeS £90. SLO see Ola CEOs SE haar: S80 oGVa eee 9 
687° Ccils= 87° cc Om 00°T REL os 9t8S te CG's €60° Clim G 
WA gs Pete OC emg Goma eee © Okra SLO. SVG. S670 ° CVI” 4 
LEC 080° 680° 1erALG, > Sits. sT05 00°T vc0° €vT~ L6e c 
OCs tga Go Ts 360s 662° et.c. V.CO™ 00s GCee LO ce c 
S87 ° 5905 VCGarmeo CV €60°- G67° CVD" OGG. OO: Clee: L 


Sele vvT° CV 9.9L CLicm CVs EO cme LOE* bce OOF T MNVY 
TIVYA4AO 
6 8 L 9 5 4 € G T ANWY 
TTVYa Ao 


a oe ee ee 


ONIMNWY TTWYGAO GNW sa9oqanr TIV YO SNOILVISYYOD LNAWOW LONdOYd Nosuwad 


182 


APPENDIX D 


F.I.G. Point Breakdown 
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THE EVALUATION OF OPTIONAL EXERCISES 


The optional exercise on the apparatus —- uneven bars, balance bean, 
and floor will be evaluated from Oo oInes. 

For special performance a bonus of 0.50 points total is possible so 
that a maximum of 10.00 points can be reached. 


REQUIREMENTS OF THE EXERCISE 


The evaluation of the optional exercises follows based upon these 
taxation factors (formula): 


Value Parts (difficulties) 3.00 points 
Bonus Points 0.50 points 
Combinations (construction of the 

exercise) 2.50 points 
Execution and Virtuosity 4.00 points 


10.00 points maximum 


erg a a a ea lg en Se ee 


Value Parts (Difficulties) 


ee Re 


Competition 1B Competition II Competition III 

OFANOs2Z05=ele20 ent. 4 A 0.20 = 0.80 pt. Zane 208="0 7400 pe. 

See a0240'=81 20 pe 4 B 0.40 = 1.60 pt. 2B 0.40 = 0.80 pt. 

1 C 0.60 = 0.60 pt. 1 C 0.60 = 0.60 pt 52G.0.608="1-80spt. 
OO Ee a ce ae 
Value Parts = 3.00 pt. = Sis) pes 3:00 points 


Bonus Points 


Originality ( maximum) 0.20 points 
Risk (C’) (maximum) “ 0.20 points 
Additional C or more than oneC (maximum) 0.10 points 


0.50 points 


Combination 

Progressive distribution of elements. Mount and 

dismount corresponding to the value of the exercise. 0.50 points 
Composition of the exercise from various elements and 

connections. 1.00 points 
Space and direction 0.60 points 
Tempo and Rhythm 0.40 points 


2.50 points 


Execution and Virtuosity 


Virtuosity 0.20 points 
Technique/Amplitude/Posture 3.80 points 


4.00 points 
10.00 points 
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APPENDIX E 


F.I.G. Stalder Difficulty Classification 
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APPENDIX F 


Subject Data 


NAME 


AGE IN 
YEARS 


YEARS IN 
COMPETITION COMPETITION 


LEVEL OF 


187 


HOME 


COUNTRY 


ee ee er ee 


Juliann Brumbaugh 
Angela Daquista 
Jo Faber 

Nanci Goldsmith 
Carrie Hoit 

Karen Kelsall 
Jean Lee 

Julianne McNamara 
Yolande Mavity 
Tiffany Quincy 
Tracee Talavera 
Jayne Weinstein 
Julie Weinstein 
Dawna Wilson 
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APPENDIX G 


Raw Data Variables for Total Skill for All Subjects 
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UP.EX. LW.EX. TRUNK 
SUBJECT RANK AGE HEIGHT MASS LENGTH LENGTH LENGTH 
/TRIAL YRS. CM KG CM CM CM 
aceon emacs a a 
JYW2 1 16.5 154.94 42.64 41.82 66.00 50°. 91 
gd ye 2 TS ome 48259 38.56 50.62 68.48 D225 
JYW1 3 16.5 154.94 42.64 41.82 66.00 DOME. 
JM2 4 Uae 47 232 38.56 46.50 63521 49.53 
JM1 5 Las els]. 32 EKstG Sie 46.50 63 ere 49.53 
DW2 6 T2203 5.89 32220 41.73 58.84 48.20 
a ial hl 7 ES ome 48259 38250 5OL G2 68.48 D2 
DW1 8 250ml 35.89 3220 41.73 58.84 48.20 
NG2 9 1335 gel 38.43 627.66 40.03 61.42 45.99 
KK2 10 7 S556 21) 44.45 43.24 6D 3 Sinai 
NG1 Ala: 13 35a 38 43 32.66 40.03 61.42 45.99 
KK1 12 17 2556. 21 44.45 43.24 65-23 Sih BF 
CH2 uke LiS0 RS 24:, 46 PMG TE Sh GU 7 DOs GD Alii 
TQ2 14 LOM 27.00 28.92 38m 2h, 5G OW 46.56 
JLW2 1s 1450 el 47.32 38520 43.28 66.10 45.63 
YM1 16 Dome 4 1062 S37 44.48 59. o> 47.77 
FOX Li, LE SOM 277200 28.92 382i, 56. 07 46.56 
JF1 18 1435 e339 70 38.67 42.11 D8e0 45.74 
YM2 19 LD eels. 6. 33.58), 44.48 se) ASS 47.77 
CH1 20 LORE 24 46 26.76 Ore 56nc5 Ale 
JLW1 PAA 14 7095147..32 387. 20 43.28 66.10 45.63 
JL1 22 TOS0meL6OS. Ga 54.20 47.48 69326 49.91 
JF2 23 142589139270 33 °36)7, 42.11 5On0 45.74 
JBL 24 Pao el2 1.92 24.95 Sys)iG 1S SGA A 23 
AD1 25 1 ae 297.54 26.76 SOR 6G 60.19 40.02 
JB2 26 LL 35 er 2 Oo? 24.95 35%.915 52 a0 42.13 
AD2 2a LESS ee 29254 26.76 39.68 60.19 40.02 
JL2 28 L630 87163. 33 54.20 47.48 69.526 49.91 


a ee ee 
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ROM CLASS I 


YRS. IN SHLDR SELDRIS AT HEP SRYSHIPESHIP: YRS 
SUBJECT COMP FLEX ROM FLEX FLEX 
/TRIAL RADS RADS RADS RADS RADS 
ee ye 
JYW2 5 3.186 Talo 3.24 Sees 02 
ET2 5 S02 rove 3.45 3.41 3.34 
JYW1 5 3100 Balko S336 Sa2d o29 
JM2 5 3739 1.47 3403 Zino 2.05 
JM1 3 3239 BS70 3306 Zoo 1. 3.06 
DW2 3 Saki ZaL0 3/0 3103 oL.0 
aidtall 5 eS EolkS 3.45 3.41 3.40 
DW1 5 Sel, Wa62 3.04 3303 3.04 
NG2 4 3426 Bao 3.14 3707 3.14 
KK2 7 She US 1.46 Bao Oo L os 874 
NG1 4 32426 Psa] 333 S207 Bei 
KK1l 7 ees) 1.24 3432 Sol Scie 
CH2 Mews: SiR IES) 1.43 hr "4 339 Se 
TQ2 3 3.43 raaiz 30 3.26 Bre 0 
JLW2 S oh SHY 1.66 31 Brera 3 ZeG2 
YM1 2 3.44 T..80 3.48 3.39 3.44 
HON 3 3.43 Boone S07 326 reo 
JF1 3 3.42 Za 2a99 Zao8 2.78 
YM2 2 3.44 1.69 3.43 3339 5.06 
CH1 Teste 3 aL 1.54 3.45 B39 3.48 
JLW1 5 ee Sy! Pao5 Oh 8) e235 Be 25 
JL1 4 3.47 Zs 20 3.14 1.49 
JF2 3 3.42 Zaz S03 2.88 3.01 
JB1l 4 le S's 1.65 Srenie2 2.96 Br ie2 
AD1 ) 3.49 Za08 Siels2 2.89 306 
JB2 & eye S's) Land Ora 2.96 3.08 
AD2 2 3.49 2a2o 3 tA 2.89 Shel, 
JL2 4 3 447, Lit Zao Ze are] 1 
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xX GRIP TOTAL DW SW UP SW TOTAL DW SW UP SW 

SUBJECT STRNTH TIME TIME TIME A.VEL A.VEL A.VEL 
/TRIAL KG SEC SEC SEC R/S R/S R/S 
a ee et 
JYW2 20750 2.09 gO 1.00 Pee yil 2.54 3230 
else 13.34 Pe & YS) 1.16 hess} Paes lays! 74 ey eh Tf Pes) ik 
JYW1 20525 Paes Shah Maas) L203 Pees Hal Phos Pat ohn 21S) 
JM2 17763 2.45 1.63 oe Poe 310) ibis Shien) 
JM1 i 6G 2.24 1.34 -89 209 2.09 3.24 
DW2 7.84 Poy NE, L269 90 2.43 IA 128) 3.74 
ans nal 13.34 Z18 dL 6 thes AS} aie Oil, 2.63 3.01 
DW1 7.84 Pees She 1.44 1G Sh) 2.61 2.04 3250 
NG2 9.34 Pe 8S) Ihe SY IE (00. 207 ZUG 3.47 
KK2 1 Oic.0/ Poe SF 1.44 he ane Ph Si) 1.0 Ps Si 
NG1 9.34 De) Tee, BY) Oe 2.84 220 ohn BS: 
KK1l Igst ater ao13 1.46 reread 2a25 tees Zo9 
CH2 O33 2 05 SS) 1 Gisyal 1.04 2.44 IE leial Sh ENS 
TQ2 pE.00 2.64 1.40 1.24 Phe Shi Lee) Zo 
JLW2 1s) 0S) 2.64 1h SO Tess} 2e20 Jha TS) 300 
YM1 dod be IES: Isc EAE 1238 - 88 Mes 2.03 Shs) 
TQl iO 0 2a 1.14 1B stl! Phe 3) 2 Sil S26 
JF1 14.08 P46 OAS Tee! ee: Poe UM Pees Abe B45 
YM2 Ab Es) trees 20 Sy 2.84 eee B00 
CH1 oh 88) Po INS 06 eee O Qo 1.64 B25 
JLW1 da} (005) Shel0l 1.24 Hes PY) 1s SPY) Lo ASS) 
JL1 Ao 0) 3.14 1.49 gs Veale 1.64 PANS) 
JF2 14.08 Za20 TE (07) 15 AES) 2.68 Bo fA $5 tds 
JB1l eO0 Pees TM 1.65 106 hes fo Th 200 20 
AD1 10.34 2.24 1g OS: thy All 2.65 2n20 3203 
JB2 7.00 Pe ONS Ihe 1h aha Wel h 2.16 She al 
AD2 10.34 Poe Noe Vs Sul Hote 2 1.80 Brees) 
JL2 25m 50 Phe Tak 1 6 EXE 1.44 P3 INO) IP obs: roe 
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APPENDIX H 


Raw Data Variables for All Phases for All Subjects 


533 


TIME IN SECONDS 


PHASE 

SUBJECT 1 2 3 4 5 6 i 
aa 
JYW2 81 02 aan 02 ai “02 74 
TP2 -85 02 - 30 02 - 28 02 -89 
JYW1 oo 02 229 02 ea) 02 ay 
JM2 1S 7; ~Q2 226 02 25 02 eT) 
JM1 20 02 o27 02 24 02 -65 
DW2 1.43 02 2-25 -02 123 02 -68 
Trt - 86 02 129 02 2m 02 85 
DW1 coats: 02 225 02 24 ~02 or ail 
NG2 1.08 02 a0 -02 24 02 -78 
KK2 Pala 02 720 02 729 02 84 
NG1l 96 -02 222 02 220 02 ant ie! 
KK1 Pos 02 228 202 229 02 -98 
CH2 1.28 02 223 ~02 24 02 -80 
TQ2 Leu2 02 327 02 - 26 02 -98 
JLW2 gas) 02 - 30 ~02 225 02 84 
YM1 E22 02 - 26 02 24 02 -64 
EOL - 88 02 726 02 - 26 02 aL 
JF1 88 -02 225 02 OAS 02 - 86 
YM2 F.d0 -02 126 02 ~24 02 a2 
CH1 1.42 aL O17 24 02 =25 02 87 
JLW1 eG 02 - 30 02 +26 02 a95 
JL1 1BRa 3) - 02 ase 02 225 02 1.40 
JF2 84 =02 PAS 02 225 02 Hees 
JB1l 1.41 02 ~ 24 02 223 02 -83 
AD1 1/9 02 24 ADE =25 02 -96 
JB2 1.00 ~02 225 -02 222 -02 -89 
AD2 ¥.28 Ue 223 02 225 02 - 86 
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DISPLACEMENT IN RADIANS 
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PHASE 

SUBJECT 1 a 3 4 5 6 L 
a ee 
JYW2 Bea6 -08 1.47 «L2 1.54 -14 Lae 
£T2 1.14 -08 LeS5 we 1855 - 10 1.78 
JYW1 Be2g 07 1.48 5 1/58 ARLS O22 
JM2 es5 -10 1756 12 153 oi2 1.68 
JM1 Paes 09 1353 «13 1.54 aeiZ Wes, (/ 38) 
DW1 thesis -10 1.49 -14 1.49 -14 95 
Trt 1.19 - 10 oS 14 1 5'5)8} - 10 ihe ys’) 
DW1 eo ol3 1.54 75 1.61 ell 1376 
NG2 He 0 12 HAS Ss -14 uo. 0 12 1b 3) 
KK2 be28 09 L351 ae Laos - 10 1.68 
NG1 Ls OQ 13 LD 2 a3 G5 2 TBS) 
KK1l Peal - 10 ao6 13 165 - 10 1768 
CH2 1.20 ou P.0 14 1365 ore La87 
TQ2 1.09 « LI 65 -13 tO] 13 1.84 
JLW2 Poi - 10 Lao) Ae is) aso 0 as 
YM1 a2 - 10 E750 ~14 358 73 1389 
iM 9A | Ea0t LO 159 14 Led5 207 L362 
JF1 79 - 10 see SS oS 1.84 - 16 S92 
YM2 1.24 eZ LoL 14 1455 ~ 16 2503 
CH1 Pal «13 1356 14 1.66 2 2206 
JLW1 ace -10 1562 -14 1.66 lel 1898 
JL1 “2 - 09 1.69 oll 1.60 09 2403 
JF 2 oO7 «09 1.49 3 1.76 a7 1399 
JB1l P20 - 16 205 -14 1.42 12 1.49 
AD1 e/a «tO 1.54 ell 1.68 217 201 
JB2 F206 PA La61 14 L363 5 1.86 
AD2 1.16 aA, iB te 215 ao 323 2.40 
JL2 pea - 10 1.74 wt3 76,6 ~14 1458 
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ANGULAR VELOCITY IN RADIANS /SECOND 


WS ns 


PHASE 

SUBJECT 1b 2 3 4 5 6 wu 
a a 
JYW2 Iho SS) $402 5631 5.85 5202 6.63 2.47 
Lhd ey 1.34 Shes PT) 5.09 Si TAS 5.47 4.87 2.00 
JYW1 30 sa si, oae2 05 Bie 183) 6.08 ZU 
JM2 329 4.82 5.94 5.49 6707 oon, TAL 2.96 
JM1 T.45 4.10 >) slewl 6.14 Geer 5.36 266 
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ANGULAR KINEMATICS: CENTER OF MASS JULIANNE McNAMARA TRIAL 2 
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APPENDIX K 


Computer Programs 


oi 


dsp "STALDER PROGRAMS";wait 2000 
dsp "DATA DIGITIZING + STORAGE";wait 1500 


2 prt "DETERMINE SCALE FOR PLOT" 


Gsp "DIGI LOWER LEFT CORNER";red 4,X,Y;2.54X>X;2.54Y+Y; beep 


: dsp "DIGI UPPER RIGHT CORNER"; red 4,A,B;2.54A+A;2.54B+B;beep 
2 (A~X) /29.25>r0+S; (B-Y) /15.24-rl 

se1berOorisrles 

: fxd 4;prt "SCALE 1-",1/Ses 

: dim A[22,28] ,B[22,28],C[27] ,2$[23,36],K$[14,1]] 


S+C[26] 


: "HEAD + NECK" KS [1] ;"TRUNK"2KS [2] ;"R. UPPER ARM" +KS [3] 
: "R.LOWER ARM"+KS[4] ;"R. HAND" +KS$ [5] ;"L.UPPER ARM"+KS [6 ] 
: "L.LONER ARM"+KS[7];"L. HAND" +KS [8] ;"R. THIGH">KS [9] 


"RsLOWER LEG"*KS$[10];"R,. FOOT"*K$ [11] ;"L. THIGH"»KS$[12] 


: “LE LOWER LEG"*K$ [13] :"L. FOOT">+K$[14] 

: dsp "DIGITIZE HEIGHT OF HIGH BAR": red 4,X,Y:wait 50; beep 
2 2.54X*C [24] :2.54Y>C[25] 

: ent "DIGITIZE REFERENCE ? [1=YES]",r0 

: if rO#l:ent "CORRECTION FACTOR =?",C[1] 


if r0=l:gsb "corfac" 


s ent "COMMENT", ZS [1] 


1l+A;ent "NUMBER OF FRAMES ? [UP TO 22] aN 

if N>22;dsp "MAXIMUM IS 22 FRAMES LNi"swait 2000;jmp -1 

ent "DESCRIPTION OF FRAME", ZS [A+1] 

if A>1l;fxd Osdsp "TIME INTERVAL FRAMES", A-1,A;wait 1500;ent "T=",C[A] 
for B=l to 14 


: O>r2 


if B=4sler2 


3: df B=5;l+r2 


if B=7;1+r2 


: if B-8;ler2 
: if B=10;l+r2 
: if B-13;l+r2 


if r2=lsgto 35 

dsp "PROXIMAL",KS$[B] ;red 4,X,Y;2.54X>X;2.54Y>Y sbeep;wait 300 
if r2=l;E+X;F+y 

X*A [A,B] ;Y>A[A,B+14] 

dsp "DISTAL" ,KS[B] ;red 4,E,F;2.54E>£ ;2.54F+F;beep;wait 300 


: E>+B[A,B] ;F>B[A, B14] 

s next B 

: O-r4+r5+r6er7 

: ent "ERROR ?? [1=YES]",r7 


42: if r7=l;dsp "DIGITIZE FRAME AGAIN";wait 3000;gto 25 


50: 
xO] 


ent "ADJUST COORDS. UP EXTREM.? {[1=YES]",r4 
if r4#l;gto B 
if r4=l;1+B 


: B[A,B] *A[A, B+1] ;B[A, B+14] >A[A,Bt15] 


A[A,Bt5] +A[A, Bt2] ;A[A, B+19] +A[A, B+16 ] 
B[A,B+5] +B[A, Bt2]+A[A, B+3]+A [A, B+6] 
B[A,B+19] +B[A,B+16 ]>A[A,B+17 ]+A[A,B+20] 
B[A,Bt6]+B[A,B+3 ]+A[A, B+4] +A[A,B+7 ] 
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: B[A,B+20] +B[A, Bt17] +A [A, B+18]+A[A,B+21] 


B[A,B+7] +P[A,B+4] sB [A, B+21]+B[A,B+18] 


: ent "ADJUST COORDS. LOW EXTREM. ? [1=YES]",r5 
: if r5#l:gto 60 


if r5=1;1+B 
A[A,Bt11] +A[A,B+8 ] ;A[A, B+25] +A[A, B22] 
B[A, B+11] +B[A, B+8 ]+A[A, Bt12] +A[A, B+9] 


> B[A, B+25] +B[A, B+22]+A[A,B+26 ]+A[A,B+23] 
: B[A, Bt+12] +B[A, B+9] ;B[A, B+26]>B[A, Bt23] 
: ent "ADJUST COORDS FOOT? {[1=YES]",r6 

: if r6#1lsgto 65 

: if r6=l;1>+B 

: A[A, B+13] +A[A, B+10 ] ;A[A, +27] +A[A,B+24] 
: B[A, B+13] +B[A, B+10 ] ;B[A, B+27] +B[A, B+24] 
: 1+A%A;if AK=N;qto 23 

: gsb "store" 

: dsp "STORAGE DONE";end 

: "corfac": 

: dsp "DIGITIZE POINT l";red 4,X,Ys;wait 100;2 .54X>X;2 .54Y+Y; beep 
: dsp "DIGITIZE POINT 2";red 4,K, Lewait 100;2.54K+K;2.54I+L:beep 
: ent "REAL SIZE OF REFERENCE fom) ,0 


£xch 2'sort "C£ator",O/y( (K-X) “2+ (L-Y) *2) >C[1] 
ret 

"store": 

ent "TRACK TO BE USED? [(O=0, 1=1] has) 

if r8=0;trk 0 

if r8=lstrk 1 


: NC [27] 

: ent "FILENUMBER TO BE RECORDED Cp Ae 
serGk 07 A(*)],B1*),7Cl*] 

Se VCEwOrle7S;, KS 

s= CEK~0 

oe witre7;, L010; 1070, 107 10713 

ameLiCmy OX LO tuk CLO Kyi eee /, 

: wrt 7,"FILE CONTENTS RECORD" 

se ime™1 79x; Cl07c36, cB, £2-0 


wrt 7.1,"DATA SPEC:",Z$[1],'"IN PlLBe, © 


= wtb~/,10710,13 


TMee2; 9X, Cl 63.0, C1677 
for J=l to 22 


: wrt 7.2, "FRAME #",J, ZS [J+1] 


next J 
fmt 3,/,/,9x,cl0:wrt 7.3, "CQWWENTS :" 


seweb 7 12 


ret 
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0: dsp “RAW DATA RETRIEVAL";wait 1500 

1: ent "FILE # TO BE RETRIEVED",Q 

2: dim A[22,28],B(22,28],C [27] , 2$(23,36] ,K$ [14,11] 

3: ent "TRACK TO BE USED [0=0,1=1]",r9 

4: if r9=0;trk 0 

Ss if ros): trk 2 

G= IdfrOra [15B1*],Ci*] 

ice Joe Otbszs KS 

8: trk 0 

Os web 77137 105910 270710 410 , 10 

BO sates 14x,Co0F Z-tmt 2, 14x, cl7,£/7.4,/7:imt 3,14x,1l0f7 .4 

APs LmteGFl 4x1 Bee C24 ae E2eN xT BN ets / | / 

12: wrt 7.6, "DATA RETRIEVAL SUBJECT #",0 

Serine VAxico5s Aimee] 4xi Gone swrt 7.5 

P42 wrt ely 2chl iewrteee> 

15: wrt 7.2, "Correctiofactor=",C[1] 

16: wrt 7.1,"Time Interval between the Frames (sec.) 4 

iis emt Shox OLTtOs wrt Gers 273747576,7,8,9,10 

Loco wrt 7.3. ei al clo Ccl4a? ,Clsi, Gio lreiiws c[S8]) Clo], Gll0dewtba/ ,40 
Re Wnt tae OGL) 2 13,14 ,15,16,17,18,19 

Pocaweate lo, CL lly, Clie), ci is] Cli4), Cliol, 61161, C1171, Cl18], Cl 19l-swteb 7,10 
Bic tmnt, 9x, 4f/ .0swrt 7.5,19, 20, 21,22 

222 simteeo, 14x40l/ .4ewrt /.6,Cl201,C(21) ,C[22] 

232 fmtn6, / 14x, 657—", 2/2 Wrt 7.6 

24: wtb 7,12;0+r0 

25: forBA=ls to; C [27] 

26: gsb "printout" 

27: if A=C[27] ;wtb 7,12;dsp “RAWDATA OUTPUT DONE";end 

28: next A 

29: Porintoitys 

30: if r0=2;0+r0;wtb 7,12 

Biss aweb 77137107105 10) 20,107.10 

B2ic eimt 2),00x,7c9-fimt 2), /;fmt 3,9x, /£9.2 sfmt 4,/ ,10x,co3 

33: fmt 5,14x,cl6,x,f£2.0;wrt 7.5, "RAW DATA FRAME #",A 

B43: wrt 7.4,2S(M1) swrt: 7.2 

35: wrt 7.1, "HNeck", "Trunk", "RUarm" ,"RLarm" ,"Rhand","LUarm", "Llarm" 
36: wrt 7.5,"PROX. ENDPOINTS" 

37: wrt 7.3, "X" ,A[A,1],A[A,2] ,A[A,3],A[A,4],A[A,5] ,A[A,6],A[A,7] 

38: wrt 7.3,"Y" ,A[A,15],A[A,16],A[A,17],A[A,18] ,A[A,19] , A[A, 20] ,A[A, 21] 
39: wrt 7.5, "DISTAL ENDPOINTS" 

40: wrt 7.3,"X",B[A,1], B[A,2],B[A,3] ,B[A,4],B[A,5] ,B[A,6],B[A, 7] 

41: wrt 7.3,"Y" ,B[A,15], B[A, 16],B[A,17] ,B[A,18],B[A,19],EB[A,20] ,B[A,21] 
Ams gwEt 7.2 

43: wrt 7 gl EF "Thand","RULeg" ," RLleg" fe RLOOt, "LULeg" hi LLleg" MAINT @ een 
44: wrt 7.5,"PROX. ENDPOINTS" 

45: wrt 7.3,"X",A[A,8] ,A[A,9],A[A,10],A[A,11],A[A,12] ,A[A,13],A[A,14] 
46: wrt 7.3,"Y",A[A,22],A[A,23] ,A[A,24] ,A[A, 25] ,A[A, 26] ,A[A,27] ,A[A,28] 
47: wrt 7.5,"DISTAL ENDPOINTS" 

48: wrt 7.3,"%",B[A,8 ], B[A,9],B[A,10],B{A,11],B[A,12],B[A,13],B[A, 14] 
49: wrt 7.3,"Y" ,_B[A,22],B[A, 23] ,B[A,24] ,B[A,25],B[A,26] ,B[A,27] ,B[A,28] 
50: r0+1+r0 

5l: tret 
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dsp "EDIT DATAFILE";wait 1500 
ent "FILE # TO BE EDITED ?",Q 
dim A[22, 28],B[22,28],C[27],2$(23,36],K$[14,11] 


: ent "TRACK TO BE USED? [0=0,1=1]",r8 
: if r8=0;trk 0 
epi? “fosic tea Ab 


TOROrA tel eOl te Cle ielde Orl; 2S, Kortrke0 
fxd O;dsp "YOU ARE NOW EDITING FILE #",Q:wait 1500 
ent "DIGITIZE REFERENCE ? {[1=YES]",r0 

if r0=lL:gsb "cfac" 

if r0#1l;ent "“CORRECTIONFACTOR =",C[1] 

ent "COMMENT", ZS [1] 


: ent "FRAME # TO EDIT ? [O=STOP]",A 


if A>22;dsp "NO SPACE LEFT. START A NEW FILE" ;end 
if A=O;gsb "store" 

if A=0;dsp "EDIT DONE";end 

ent "DESCRIPTION OF FRAME", Z$[A+1] 


if A>l;fxd O;dsp “TIME INTERVAL FRAMES", A-1,A;wait 1500;ent "T=",C[A] 
s7iLxde4 efor B=) to.l4 
oe OFT 

: if B-4;ler2 

: if B=5;lr2 

: if B=7;ler2 


if B=8;l+r2 


: if B=10;l>+r2 


if B=137ler2 


: if r2=l;gto 28 

: dsp "PROXIMAL", KS[B] sred 4,X,Y;2 -D4X+X32 .54Y>Y sbeep:wait 300 

: 1f r2=l;E+X;F+Y 

: X*A[A, B] ;sY>A[A, B4+14] 

: dsp "DISTAL", KS[B];red 4,E,F;2.54E+E;2.54F>Fsbeep;wait 300 

: E+B[A, B] ;F>B[A, B14] 

: next B 

: ent "ERROR ?? [1=YES]",r0 

: if r0=l;dsp "DIGITIZE FRAME AGAIN";wait 3000;gto 18 

s7gto: 12 

ee CoaCws 

: dsp "DIGITIZE POINT 1";red 4,X,Y;wait 100;2.54X+X;2.54Y>Y:beep 
: dsp “DIGITIZE POINT 2";red 4,K,L;wait 100;2.54K+K;2.54I>L;beep 
: ent "REAL SIZE OF REFERENCE [cm]",0O 


fxd 2;prt "Cfator",O/y( (K-X) “2+ (L-Y) 72) =D[1] 
ret 


se StOLews 
: ent "# FRAMES ADDED ?",P;P+C[27] »C[27] 
: ent "FILENUMBER TO BE RECORDED ?",0 


ent "TRK TO BE USED? [0=0,1=1]",r9 


: if r9=0;trk 0 


if r9=1;trk 1 
rc£ 0,A[*],BI[*],C[*] 


> ccf Qt1,Z$,KS$ 


trk.0 
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ol: wtb 7,13,10,10,10,10,10,10 

52: fmt BaXrGae Xe COUPK eT ke, 

53: wrt 7,"FILE CONTENTS RECORD" 

54: fmt 1,9x,cl0,c36,c8,£2.0 

Dow t& Ao SSDATA SPs Zo lig iN PILE, 0 
m6 sewth: 7710,10, 13 

>/ stints 25.9x, Cl, £3 .0,016,/ 

58: for J=l1 to 22 

DA: (Wt 87 <2, ERAME $7.25 [J+] | 

60: next J 

61: fmt 3,/,/,9x,cl0;wrt 7.3, "COMMENTS :" 
62. awebs7 ¢12 
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: dsp “CENTER OF MASS KINEMATICS";wait 1500 


dim A[22,28],B[22,28],C[27] 7R(22,1],AS[50] ,KS [14,11] 


= dim S[{14] ,M[14],xX [22,1], ¥ [22,1] ,J[22,1] 
: ent "TRIAL ID?",aS 
: wtb 7,12 


fmt 1,10x,120 Bee, pWLteT el 
fmt 2,20x,c35,10x,c50 swrt 7.2, "ANGULAR KINEMATICS: CENTER OF MASS" ,AS 


> wrt 7.l;wtb 7,10,10 

stad. 2x ,c20,C20,c10 ;wrt 7.3,"CM COORDINATES" , "LINEAR DISTANCE" 7, LIME" 
: fmt 4,70x,3c20 

: wtb 7,27,10;wrt 7.4, "DISPLACEMENT" , "VELOCITY", "ACCELERATION" 

A bate 5,10x,cl0,cl0,cl0,c20 

> wrt 7.5, "FRAME # rok CM. TO HE (om) 

 fme 6,60x,cl0,3c20,/,/,/:wtb Tpel, lO 

: wrt 7.6,"sec","rad", "rad/sec", "rad/sec/sec" 


fx 74 


: "HEAD+NECK">KS [1] ;"TRUNK">KS [2] ;"R.UPPER ARM">KS [3] ;"R. ARM"+KS [4] 
: "R. HAND">KS[5];"L.UPPER ARM" *K$ [6];"L. ARM"+KS[7] :"L. HAND" KS [8 ] 
2 "R. THIGH"+KS[9] ;"R, LEG"*K$[10];"R. FOOT"*KS [11];"L. THIGH"+K$[12] 
tle LEGT2KS([13]2"h. FOOT"+KS [14] 


-5*S [1]>+S[2]; .436+S[3]+S [6]; .4365 [4]+S[7] ;.28+S[5]+S[8] 
-433>S[9]+S[10]+S[12]+S[13];.45+5 [11]+S [14] 

-077>M[1]; .463+M [2]; .03+M[3] >M[6]; .0155+M[4]>M[7] 
-005>M[5]+M[8] ;.115+M[9]>m[12] ; 0525>M[10]+M[13] 


: .012>M[11]+M[14] 
: ent "TRK TO BE USED? [O-0,1=1]",r8 
: if r8=O0strk 0 


if r8=lsetrk 1 


ent PILE TOMBE USED2". OC 
ci dkeke OFA[*],Bt*},Ci* };trk 0 
: for H=l1 to C[27] ;0+Tsu 


C[H+1]+r14+r14 


sBEOLSI=— to.14 
: A[H,1]-B[H, 1 ]+0; abs (O)>O;A[H,1+14]-B[H, I+14]+Psabs (P)+P 
: S[I]O+K;S[I]PL 


if A[H,I]<B[H,I] ;K+A[H, I1]+E;jmo 2 


: A[H,I]-K+E 


if A[H,1+14]<B[H,1+14] ;L+A[H, 1+14]>F;jmp 2 


: A{H,1+14]-L>F 


: MIT] E+C;M[I]F+D;C+T+x[H, 1] ;D+U+Y [H,1] ;X([H,1]>T;Y[H, 1]>+U 

next I 
: ¥ ((X[H,1]-C[24] ) “2+ (¥[H,1]-C[25]) *2)*J [H,1] 7C({1] *J3(H,1]-J[H,1] 
s next H 

sfg 14 

for H=l1 to C[27]-1 

(Y[H,1]-C[25] )/(X [H,1]-C[24])+ro 


(Y(H+1,1]-C[25] )/(X[H+1,1]-C[24] )+r1 
atn((rl-r0)/(1+r110) )+R [H,1] 


: R[H,1)/57.296+R[H, 1] 


next H 
cfg 14 
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fmt), 13x ,t2.0,5x,2610.4,£20.4,/ 


: for H=l to C[27] 


Wold! pH, iH, Ll,Y iH, ll,olh, 2] 
next H . 


: gsb "store" 
: dsp "PROGRAM DONE" 


eral LO 


sa ctore:; 


22+C [27] 


: ent "FILE TO BE RECORDED?",Q 


Crh at CeO, Cll Rin) etrk 10 
ret 


by Oe OCF ast OMS xe, 0, £9, xe s. eh ‘a 
[Tho o8 I-8 403 aac | 

(i .HjG. (EH ath SIX 41.0 tow ee 
Hi Bhs ec... 
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0: dsp "CENTER OF MASS KINEMATICS (2)";beep;wait 1500 

ee Cxa. 4 

2: for: b=] to 7 

3: wtb 7,27,10;wtb 7,27,10; ;wtb 7,27,10;wtb 7,27,10 ;wtb 7,27,10;wtb 7,27, my 
4: next N 

22 wtb 74-27, 10 

6: ent "PILE TO BE USED?",0 

73 trk l;ldf Q,C[*],R[*];trk 0 


8: for H=1 to C[27]-1 

9: R(H,1]/C[H+1]+A[H,1] 

10: next H 

ll: for H=l to C[27]-2 

12: (A[H+1, 1]-A[H,1]) /(C[H+1]+C[H+2] )+B[H, 1] 
13: next H 

14: fmt 2,60x,£10.4,2£20.4 

2 fmtes eL1Ox £120 <4 

16: for H=l1 to C[27]-1 

dks Writeelic2 G(U+L) RIN l,l, 
ies 1k |) lewrtales, Blips 
os, next: H 

20: dsp " PROGRAM DONE";end 
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O: dsp "BODY ANGLES: SHOULDER/HIP":wait 1500 
1: dsp "DATA FOR ANGLE ANCLE DIAGRAMS" swait 1500 
: dim A[22, 28] ,B[22,28],C[27],A$[35] 
G: efxd *4 
4: ent "NUMBER OF TRIALS",N 
5) Sefer Tsk to N 
6: ent "I'RK TO BE USED (O=0,1=1J]?",r8& 
7: if r8=0;trk 0 
8: if r8=lhetrk 1 
7 ent “FILE TO'BE USED?",0 
10:2 tent ATRIAL SID2" AS 
Ds: BIGE 1G, A[*],B(*], Ci*] strk 0 
23 ¥stg PLA 
3 = SLOreH=Rlito, C27) 
14: ¥((B[H,3]-A[H, 3] )*2+(B[H,17]-A[H,17])*2) #0 
15: 7¥( (A[H,9]-A[H, 3] ) “2+ (A[H, 23]-A[H,17])*2)erl 
16: ¥( (B[H,9]-A[H, 9] ) “2+ (B[H, 23]-A [H, 23] )*2)+r2 
17: ¥ ( (A[H,23]-B[H,17] ) “2+ (A[H, 9]-B [H,3]) *2) +r3 
18: ¥( (B[H,9]-A[H, 3] ) *2+(B[H,23]—-A[H,17])*2)>r4 
19: acs( (r0°2+r1*2-r137 2) /(2*r0*r1) )+A[H,3];A[H, 3] /57.296+A[H, 1] 
20: acs((r1°2+r2* 2-r4%2) /(2*r1*r2) )+A[H, 4] ;A[H, 4]/57 .296+A [H, 2] 
21: next H 
ns aWeb 77 2 
as emily Ox, Joe kr Glo ao Sey wets Je. "DATA FOR ANGLE/ANGLE DIAGRAM" 
PAs eit 9291 OX) C35 i /Aewr Ga. AS 
2c mint 1 LON OOS" Wee wrt 7 £1 
20: gEmbSs; 20x26 25 sWEtH S37 SHOULDERTANGLE} 3" HIPsANGLE " 
27: fmt 4,10x,cl0,2c25,/,/;wrt 7.4,"FRAME # ","(IN RADIANS)","(IN RADIANS)" 
28: for H=l1 to C(27] 
2a: gcmeno; LAxat 280 710x (£724; xc) 7597.47 ch6x,f874,x7el, £9.4,cl,/ 
30: wrt 7.6,H,A[H,1],"(",A[H,3],")",A[H,2],"(",A[H, 4] ,/")" 
BH: enext.H 
B22 mex tT 
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0: dsp "BODY ANGLES: SHOULDER/HIP"swait 1500 

re dsp "DATA FOR ANGLE ANCLE DIAGRAMS" swait 1500 
2: dim A[22, 28] ,B[22,28],C[27] ,A$[35] 

Os efxae4 

4: ent "NUMBER OF TRIALS", N 

5: for T=l to N 

6: ent "TRK TO BE USED [0=0,1=1]?",r8 

7: if r8=0;strk 0 

8: if r8=l;:trk 1 


9: e 


47: 
48: 
49: 
50: 
*151 


nt "FILE TO BE USED?",Q 


: ent "TRIAL ID?",AS 

: ldf 0,A([*],B([*],C(*] ;trk 0 

: Sfg 14 

sefor-H=1 to C[27] 

: ¥((B[H,3]-A[H, 3] )“2+(B[H,17]-A[H,17]) *2)+r0 

: ¥ ((A[H,9]-A[H, 3] ) “2+ (A[H,23]-A [H, 17] )*2) orl 

: 7 ((B[H,9]-A[H, 9] ) “2+ (B[H, 23] -A[H, 23] ) *2) +r2 

: ¥( (A[H,23]-B[H,17] ) “2+ (A[H,9]-B [H, 3] )*2) +r3 

: ¥( (B[H,9]-A[H, 3] ) “2+ (B[H, 23]-A[H, 17] )*2)>r4 

2 acs ( (r0°2+r1*2-13°2) /(2*r0*r1) )+A[H,3] ;A[H, 3] /57 .296+A [H, 1] 
: acs ((r1°2+r2* 2-142) /(2*r1*r2) )+A[H,4] ;180-A [H, 4]>A[H, 4] 
: A[H,4]/57.2962A[H, 2] 

s next H 


ent "CORRECTIONS? [0=STOP]",C 


: if C=O;dsp “EDIT DONE";wait 1500;qto 32 

: ent "SHOULDER [1], HIP [24 "7376 

: ent " FRAME TO EDIT?",H 

: if r6=l;dsp "CURRENT SHOULDER VALUE=",A[H, 3] ;wait 1500 

: if r6=lsent "NEW SHOULDER VALUE=",A[H,3] ;A[H, 3]/57 .296+A[H,1] 


if r6=2;dsp “CURRENT HIP VALUE=",A[H,4]swait 1500 


: if r6=2;ent "NEW HIP VALUE?",A[H,4] ;A[H,4]/57.296+A[H, 2] 
faCOlcS 
awe as, 12; 13 


fmt 1,10x,15"*",x,c28,x,15"*",/;wrt 7.1,"DATA FOR ANGLE/ANGLE DIAGRAM" 


setae, LUX, C35,/s;Wot/.2, AS 
oe falltt, LUX, OU 17/57 Weer ee 
: fmt 3,20x,2c25;wrt 7.3, "SHOULDER ANGLE", "HIP ANGLE" 


fmt 4,10x,cl0,2c25,/,/;wrt 7.4,"FRAME # ","(IN RADIANS)","(IN RADIANS)" 


seLOGi=l to ClZ/]| 

: fmt 6,14x,£2.0,10x ,f7.4,x,cl,f9 .4,cl,6x,f8.4,x,cl,£9.4,cl,/ 
: wrt 7 -6,H, A[H,1] e"(",ATH,3] pads *A[H, 2) pe (",A[H,4], ae 

: next H 


WUD, Ls 
web /plzZ:wtb, 7,13 


: wtb 7,27,84;wtb 7,27,/0, int (1056) /64, int (1056) 


"angleplot": 

wtb 7,27,65,int (420/64), int (420), int (1000/64), int (1000) 
wtb 7,27,46,"|",int (10/64) ,int(10) ,0 

wtb 7,27,97,int (420/64), int (420), int (240/64) , int (240) 
wtb 7,27,65,int (240/64), int (240) , int (300/64) , int (300) 
wtb 7,27,46,char (95), int (10/64) , int (10) ,9 
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63: 
64: 


PAPAL 


wtb 7,27,97, int (1250/64) , int (1250) , int (300/64) , int (300) 


: wtb 7,27,79,int (420/64), int (420) , int (300/64) , int (300) 


tord=1) to C[27} 


: A[H,2]*200+X;A[H,1]*160+Y 


wtb 7,27,65,int(X/64), int(X) , int (Y/64) , int (Y) 


EtwEOL7Te"O"!, 8 

: H+l+H;if ID>22:gto 62 

: A[H,2]*200+X;A[H, 1]*160+Y 

: wtb 7,27,46,".",int (5/64), int (5) ,0 

: wtb 7,27,97,int (X/64), int (X), int (Y/64) , int (Y) 


jmp -5 

wtb 7,27,65,int(0/64), int (0) , int (800/64) , int (800) 
next T 

dsp "PROGRAM DONE!!!" 
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: dsp "PATH OF CENTER OF MASS":wait 1500 
> dim A[22,28],B[22,28],C(27] ,S[14] ,M[14] ,AS[1,35],X[22,1],Y[22,1] 


-9°S[1]+S [2]; .436+S[3]+S [6] ; .43+S [4] +S [7] ;.28+S[5]+S[8 ] 
-433+5S [9] +S[10]+S[12]+S [13]; .45+S[11]+S[14] 


> .096>M[1] ; .458>M[2] ; .033+M[3]+M[6]; .019+M[4]>+M[7] ; .0065>M[5]=M [8] 
2 -105>M[9]+M[12] ; .045+M [10] +M [13]; .0145>M[11]+m[14] 


ent "NUMBER OF TRIALS?",N 
for T=l to N 


: ent "I'RK TO BE USED [0=0,1=1]",r8 


if r8=O;strk 0 
ifeye=)strk. 1 
ent "FILE # TO BE USED 2.50 


ae Nba AGEL? wates tll 


ldf— Q,A[*],B[*],C[*] 


Sater an 


for H=1 to C[27] ;0+TsU 


: C{H+1]+rl14+rl14 

me Sayers A tet ew 

: A[H, I]-E[H, 1]+O; abs (0)+0;A[H, I1+14]-B[H, 1+14] +Psabs (P) >P 
: S[I]O+K;S[I] BL 

eke A[H,1]<B[H,I] ;KtA[H,1I]+E;gto Ze 


A[H, 1]-K+E 
if A[H, 1+14] <B[H,1+14] ;L+A[H,1+14]+F;gto 24 


: A{H,I+14]-L>F 
: M[I] E+C;M[1] F*D;C+T>X[H, 1] ;D+tU>Y[H, 1] ;X [H, 1] >T;¥ [H, 1]>+U 


next I 


: next H 

: wtb 7,27,84;wtb 7,27,70, int (1056/64) , int (1056) 

en cgplt " : 

: wtb 7,27,65,int (240/64), int (240), int (700/64) , int (700) 


wtb 7,27,46,"|",int (10/64), int (10) ,0 


: wtb 7,27,97,int(240 /64) , int (240) , int (100/64) , int (100) 
: wtb 7,27, 46,char (95), int(10/64) , int (10) ,9 


VoL, dal let LoU sy. 


: wtb 7,27,97,int (1000/64) , int (1000) , int (100/64), int (100) 
: wtb 7,27,65,int (240/64), int (240) , int (Y/64) , int (Y) 

2 Lor, Hal to. C[2h) 

: X{H,1]*15+250+X;Y [H, 1]*12+150+Y 

EWG, 2/ 0) ,ilit (X/04) , Inc (Xx) ,int(Y/64)), int (Y) 

cme WLLY tues CO 

: H+l+H;if W22:gto 45 

: X(H,1]*15+250+X; Y[H, 1]*12+150+Y 


wtb 7,27,46,".", int (5/64), int(5),0 
wtb 7,27,97,int (X/64), int (X) , int (Y/64) , int (Y) 
jmp -5 


: wtb 7,27,65,int (0/64), int (0), int (800/64) , int (800) 


fmt 1,30x,2c25,/,/;wrt 7.1, "PATH OF CENTER OF MASS :",AS[1] 
wtb 7,27,65, int (750 /64), int (750) , int (200/64) , int (200) 
wtb 7,12,13 
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0: dsp "CENTER OF MASS KINEMATICS";wait 1500 
1: dim A[22,28],B[22,28],C[27] ,R[22,1],AS [50] ,KS[14, 11] 
2: dim S[{14] ,M[14],X[22,1],Y(22,1],H$[7,35] ,F$[7,8] 
3: fxd 4 
> "HEADHNECK">K$ [1] ;"TRUNK"*K$ [2] ;"R.UPPER ARM"+K$[3];"R. ARM"+KS [4] 
5: "R. HAND"+K$[5];"L.UPPER ARM"*+KS(6];"L. ARM"+KS[7] ;"L. HAND"*KS [8] 
6: "R. THIGH"*K$(9];"R. LEG"+K$[10];"R. FOOT"sKS[11];"L. THIGH"+KS [12] 
7: "L. LEG"+KS [13] :"L. FOOT"+KS [14] 
8: .5%S[1]+S[2] ; .436+S [3]+S[6] ;.43+S [4] +S [7] + .28+S[5]+S [8 ] 
9: .433+S[9]+S[10]+S[12]+S[13] ; .45*S [11]+S[14] 
10: .077>M[1] ; .463>M[2] ; .03>M[3]+M[6]; .0155+M[4]>M[7] 
11: .005>M[5]+M[8] ;.115>M[9]>M[12] ; .0525+M[10]#M[13] 
12: .012+M[11]>M[14] 
13: “HIGHEST CAST TO HIPS AT HB LEVEL "+sHS$[1] 


14: "HIPS AT HB LEVEL "*»HS [2] 
15: "HIPS AT HB LEVEL TO HIPS BELOW HB "-HS[3] 
16: "HIPS BELOW HB "sHS[4] 
17: "HIPS BELOW HB TO HIPS AT HB LEVEL "HS[5] 
18: “HIPS AT HB LEVEL "SHS [6] 
19: "HIPS AT LEVEL OF HB TO FINISH "*H$ [7] 


20: ent "NUMBER OF TRIALS?",N 

21: for W=l to N 

22: ent "TRIAL ID?",AS 

23: ent "TRK TO BE USED? [0=0,1=1]",r8 

24: if r8=0;trk 0 

BO erp eyOS Ln ctrkKe. 

26: ent “FILE TO BE USED?",0Q 

eet. O, Al* 1, Bi], Cl*lictrk.0 

202 Weba/,.2 

Oo rice ts LUXsOD te, / SWE cL 

30: fmt 2,10x, 2c35,/swrt 7.2,"ANGULAR KINEMATICS: CENTER OF MASS" ,AS:wrt 7.1 
emits, 25% ,.CLO, 2020 

B22 Wht ie optimise pe DISPLACEMENT “VELOCITY” 
Societe 4, LOX Clo, C10, 2C2),7,,/ 

34: wrt 7.4,"BETWEEN FRAMES","sec","rad","rad/sec" 
S52) for G=l to. / 

36: O+r3+r4+r5+r6 

37: for H=l to C[27] ;0+T+U 

38: C[H+1l]+rl14+rl14 

39: for I=l to 14 

40: A[H, I]-B[H, 1]+0; abs (O0)+0;A[H, 1 +14] -B[H,1+14]+P;abs(P) +P 
41: S[I]O>K;S[I]P+L 

42: if A[{H,I]<B[H,1];KtA[H,I]+E;jmo 2 

43: A[H,1]-K+E 

44: if A[H,1+14] <B[H,1+14] ;L+A[H, 1+14]>F;jmp 2 

45: A[H,1+14]-L>F 

46: M[I] E+C;M[I] F>D;C+T+X[H, 1] ;D+U+Y [H,1] ;X [H, 1]+T;Y [H,1]>U 
47: next I 

48: next H 

49: if G=l;for Hl to 5 

50: if G=2;for H=6 to 7 
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if G=3;for H=6 to 10 
if G=4;for H=11 to 12 
if G=5;for H=11 to 15 
if G6;for H=16 to 17 
if G=7;for H=16 to 21 


: sfg 14 


(Y¥[H,1]-C(25])/(X [H,1]-C[24] )+r0 


> (Y(H+1,1)-C[25])/(X [H+1,1]-C[24] )+rl 


atn ((rl-r0) /(1+r1r0) )+R[H,1] 


: R(H,1]/57 .296>R[H, 1] ;R[H, 1]+r3+r3 


C [H+1]+r5r5 


: next H 


r3/r5er4 


keke paws! 

Sete US Coe owl ta avi Si Gl 

> "1 TO 6"sFS[1];"6 TO 8">FS[2];"6 TO 11">FS[3]:"11 TO 13">FS [4] 
: "LL TO 16"+FS$[5] ;"16 TO 18"sFS[6];"16 TO 22">FS[7] 


fmt 6,10x,cl5,£10 .4,2£20.4,/,/:wrt 7.6,FS[G],15,r3,r4 


: next G 
: next W 


dsp "PROGRAM DONE! !!!" 


od BSA [Gy 
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QO: dsp "ANGULAR KINEMATICS";wait 1500 

1: dim A[22, 28] ,B[22,28],C[27],R[22,1] ,A$[1,35] ,K$ [14,11] 

2: dim H$[7,35],FS [7,8] 

3: fxd 4 

4: “HEAD+NECK"+KS [1] ;"TRUNK"*KS$ [2] ;"R.UPPER ARM">K$[3];"R. ARM">KS [4] 
5: "R. HAND"*+K$[5] ;"L.UPPER APM">KS [6] ;"L. ARM"+KS [7] ;"L. HAND">KS [8] 
6: "R. THIGH"+K$[9];"R. LEG">K$[10];"R. FOOT"+K$[11];"L. THIGH">KS [12] 
7: "Le LEG"+KS$[13];"L. FOOT"+KS[14] 

8: “HIGHEST CAST TO HIPS AT HB LEVEL "“sHS[1] 


: "HIPS AT HB LEVEL "sHS [2] 
10: "HIPS AT HB LEVEL TO HIPS BELOW HB "SHS [3] 
ll: "HIPS BELOW HB "+HS [4] 
12: "HIPS BELOW HB TO HIPS AT HB LEVEL "*HS [5] 
PS slo eAL HB a LEVEL "*HS [6] 
14: "HIPS AT LEVEL OF HB TO FINISH "SHS [7] 


Pore be tO.6 oF [1] 5"6 TO 8">FS12]-"6 TO 11">+FS[31>"11 TO 13"+FS [4] 
16: “ll TO 16"+FS$ [5] ;"16 TO 18"+FS[6]:"16 TO 22"+FS[7] 
17: ent "NUMBER OF TRIALS?",N 
18: for W=l1 to N 
Py<eentes niLALyIDet AS (1) 
20: ent "TRX TO BE USED? [0O=0,1=1]",r8 
21: if r8=0;trk 0 
eee rosie trk «1 
23: ent "FILE TO BE_USED?",¢0 
24: ldf 0,A[*],B[*],C[*];:trk 0 
25: ent "NUMBER OF SBEGEMENTS TO OUIPUT2= 7S 
26: for T=1 to S 
27: ent "SEGMENT TO OUTPUT (KS [#])?",19 
28: r9+I 
292 "wth. 7,12 
BO eine, LOX, G50%., 4 swotud 6k 
Bee emcee, LOx'C20,.clLl, 35,7 
32: wrt 7.2,"ANGULAR KINEMATICS: ",KS[I],AS[1] swrt 7.1 
Sie tint 5, 25%, CL0,2020 
$42 wot 7.3, TIME", “DISPLACEMENT”, "VELOCITY" 
Bese Lions 10x, CLO, ClLU,2C20,/ if 
36: wrt 7.4,"BETWEEN FRAMES","sec","rad","rad/sec" 
Se-mCOLsG=) tori 
38: O+r3>r 4+r5-r6 
39: if GIl;for H=l1 to 5 
: if G=2;for H=6 to 7 
41: if G3;for H=6 to 10 
42: if G4;for H=ll to 12 
43: if G=5;for H=ll to 15 
44: if G6;for H=16 to 17 
45: if G=7;for H=16 to 21 
46: r9-I 
47: sfg 14 
48: (A[H,I+14]-B[H,1+14] )/(A[H, I]-B[H,I] )+r0 
49; (A[H+1, I1+14]-B [H+1,1+14]) /(A[H+1, I]-B [H+1,1])>rl 
50: atn((rl-r0) /(1+r1 r0) )>R[H,1] 
*2523 
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Bike R[H,1]/57 .296+R[H,1];R[H,1]+r3-r3 
52: C[H+l]+r5er5 

53: next H 

54: r3/r5-r4 

553 .CLorL4 

56: fmt 5,10x,c35,/swrt W570 S1Gi 

57: fmt 6,10x,¢cl5,f£10 -4,2£20.4,/,/;wrt 7.6,FS[G],r5,r3,r4 
58: next G 

59: next T 

60: next W 

61: dsp "PROGRAM DONE! !!1" 
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0: dsp "ANGULAR KINEMATICS" swait 1500 
l: fxd 4 
2: ent "TRK TO BE USED (O=0,1=1]?",r8 
3: if r8=0-trk 0 
4: if r8=lstrk 1 
5: ent "FILE # TO BE USED 27 -O 
: dim A[22, 28], B[22, 28],C[27] , 2$[23,36], K$[14,11],R[22,1],A$[1, 35] 
7: ldf Q,A[*],B[*],C[*] ;ldf Qt1, ZS,KS;trk 0 
8: prt " SEGMENT CODES";spe ;fmt ,f3.0,cl4 
9: for T=leto 14 
LOs writ 26;,1,KS[ 1] 
ll: next I;spc 3 
12: ent “TRIAL, ID?", AS [1] 
13: ent "NUMBER OF SKGMENTS TO OUIPUT?",N 
14: for G=l to N 
15: ent "SEGMENT TO OUTPUT [KS [#] ]?", 19 
16: sfg 14 
17: for H=l to C[27]-1 
18: r9-I 
19: (A[H, 1+14]-B[H, I+14])/(A[H, I]-B[H,1] )>r0 
20: (A[H+l, I+14]-B[H+1, 1+14] )J(A {H+1,I]-B {[H+1, I] )>rl 
21: atn((rl-r0) /(1+r0rl1) )>R[H,1] 
22: R[H,1]/57.296+R[H,1] 
23: next H 
24: cfg 14 
25: for H=l to C[27]}-1 
26: r9-I 
Pat R[H,1] £ [H+1]+A[H, T] 
28: next H 
29: for H=l1 to C[27]-2 
30: r9+I 
31: (A[H+1,1J-A[H, 1])/(C[H+1]+C[H+2] )+B[H, I] 
32: next H 
SO tewebe 712 
See iiitel, LOX poe ke, Ae wote? cL 
35: fmt 2,10x,c20,c15,c35,/;wrt 7.2, "ANGULAR KINEMATICS s Kolii as tlt 
36: wrt 7.1;fmt 3,/,/,20x,c5,3c20-fmt JF 10X, GLO, Coy, 3C20 pf, 7, 
37: wrt 7.3, "TIME" ,"DISPLACEMENT" s VELOCITY" , "ACCELERATION" 
38: wrt 7.7,"FRAME # ","sec", "rad", "rad/sec" ,"rad/sec/sec" 
39: fmt 4,14x,£2.0;fmt 5, 20x, f6.4,2£20.4 
40: fmt 6,65x,£20.4 
41: for H=1 to C[27] 
42: wrt 7.4,H;if K=C[27]-l;gsb "output" 
43: next H 
44: next G 
45¢ Soutput": 
£62) wrtiis5,CiH+L) RIny LY AIH. 
A7: if HC(27J-l;wrt 7.6,B(H,1] ;wtbhi 7, 27,10 
48: ret 
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: dsp "DEFLECTIONS OF RAIL";wait 1500 
: dim A[22, 28] ,B[22,28],C[27] ,X[22,1] ,¥ [22,1] ,L{22,1], AS [35] 


ent "NUMBER OF TRIALS?",T 
for G=l to T 
ent "TRIAL ID?" ,AS 


3} ent: “TRK TO BE USED? [0=0,1=1)",r0 
: if r0=0;trk 0 


if r0=lstrk 1 
ent "FILE TO BE USED? F710 

1df Q,A[*],B[*],C[*];trk 0 

wtb 7,12 

Emits LOx 55" =" of write, 

fmt 2,10x,cl9,1x,c35;wrt 7.2,"DELFECTIONS OF RAIL" ,ASswrt 7.1 

wtb 7,10 

fmt 3,10x,c7,7x,cl,14x,cl,12x, dl;wrt 7.3, "FRAME PX" | Y" “LINEAR (cm) " 


: wtb 7,10 

+ Eor. H=Uvto <€ [27] 

: B[H,4])-C[24]+X[H,1] ;abs(X[H,1]) +X[H,1] 

: B[H,18]-C[25]+Y[H,1];abs(Y[(H,1])>Y[(H,1] 

: ¥ (X(H,1])°2+Y(H, 1)*2) +L[H, 1] 

2) Ime 71 3x7E 240, 3x, 18 -2,5x, £8.2,8x,£8.2,/swrt (eo gby elie lly isl) pli 
: next H 


next G 
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dsp "ANGULAR MOMENTUM STALDER";wait 1500 
sfg 14 


: wtb 7,27,86,int (12/64), int (12) 
> ent "MASS OF SUBJECT", r0;dim K [2,14] 


dim A[22, 28] ,B [22,28], C[27] ,S[ 14] ,M[14] ,E[2],G[2],2(2], 1[14],A$ [80] 


: dim N$[14,6],X[22],Y [22] 


Orr 20 ;l+r21 
"HN" +NS [1] : "TNS [2] : "RUA">NS [3] : "RIA">NS [4] : "RH"+NS [ 5] 


LUA" NS [6] ;"LLA" ONS [7] ;"LH"2NS [8] ; "RE">NS [9] ; "RLL">NS[10] :"RE">NS [11] 


“LE"*NS [12] ;"LLL">N$[13];"LF">NS[14] fxd 0 
-9*S[1]+S [2]; 436+S[3]+S [6]; .43>S [4] >+S[7] ;.28%S[5]+S(8] 
-433+S [9] +S[10]+S[12]+S[13]; .45>S[11]+s [14] 
-096>M[1] ; .458>M[2] ; .033+M[3]>M[6] ; 019>M[4]+M[7] ; .0065+M [5] +M(8] 


: -105>M[9]+M [12] ; .045>M [10 ]>M[13] ; .0145>M[11]+M[14] 


-0248+T[1] ;1.308+I [2] ; .0213+1[3] +1 [6]; .0076+1[4] +1[7] 
-0005>1[5] +1 [8] ; .1052>1[9]+1[12] ; .0505+1 [10] +I[13] ; 0038+ [11] +1[ 14] 


seme 10.10%, C, ox, 14 1.x c 


ent "SUBJECT I.D.",AS;wtb 7,10,10,10,10,10,10,13+swrt 7 .8,AS,r0, "Kg" 


: wtb 7,10,10;fmt 0,c6,z 

: ent "TRK? (0=0,1=1]",r8 

: if r8=0;trk 0 

¢ if r8=l:trk 1 

: ent "FILE # TO BE USED 2350 


ldf Q,A[*],B[*],C[*] 


aay al aul 

: fmt 4,/,19x,8c10,/swrt 7.4,"LOC", "Hr" ,"Wr", "Ir", "Hom", "wom", "Icom" 
: fmt 1,10x ,£2.0,x, £6.2;fmt Pt pes ma Oe) 

: for H=l to C[27] ;0+T+u 

seror o=!" ta 4 

: A[H,S]-B[H,S]+0; abs(0)+0;A[H, S+14]-B[H,S+14] >Psabs (P)+E 

: S[S]O>K;S[S]L 


if A[H,S]<B[H,S] 7K+A(H,S]+E;jmp 2 


: A[{H,S]-K>E 

: if A[H,S+14]<B[H,S+14] ;L+A[H,S+14]+F;4mp 2 
: A[H, St14]-L>F 

: M[S]E+C;M[S]F+D;C+T+R; DtU+0;R>TsQ>U 


next S 


: R>X[H] ;Q+Y[H] 

: next H 

: for Q=l to 14;M[O]r0-M[Q] next O 
: for H=l1 to C[27]-1 

: Orr2>r4;C[H+1]>-T 


for S=l1 to 14 


: 1+C 


for F=H to H+l 
abs (A[F, S]-B[F,S])S[S]+K 


: abs (A[F,S+14]-B[F,S+14] )S[S]+L 


if A[F,S)<B[F,S] ;K+A[F,S]+E[C] 7Jmp 2 
A[F,S]-K+E[C] 
if A[F,S+14]<B[F,S+14] ;L+A[F ,S+14] +G([C];jmo #) 
A[F,S+14]-L*G[C] 
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if C=1;M[S]E[C]+r0;M[S]G [(C]+rl ;r0+r2>r3srl+r4>r5 sr 3-r2 sr5er4 


if A[F,S]-B[F,S]=0;9°98+Z:7jmp 2 


: A[F,S]-B[F,S]+z 
: (A[F,S+14]-B[F,S+14] ) /z+z[C] 


C+1+C 
next F 


> % "r32=XsCM x-xtl ; 133=YsQ! x-x4]" 


(E[2]+E[1])/2+r32; (G[2]+G[1]) /2+r33 
% "r45=xXCM AVE:r46=YCM AVE" 


: (X [H] +X [H+1] )/2>r45; (Y [H]+¥ [H+1] ) /2>r46 


% "r34=Radius RH-sam" 


: C[25] »r31:C[241+r30 
: ¥ ( (33-131) *2+ (r32-r30) *2) C[1] A00>r34 
: % "r39=Radius sQ\ — Cm" 

> ¥ ( (33-1 46)* 2+ (r32-145)*2) C[1] 10 0>r39 
: % "r35=Slope RH/sQM in x" 


(C[25]-G[1] )/(C[24 ]-E[1]) +r35 


: $ "r36=Slope RH/sG in x+l" 


(C [25] -G[2])/(C[24 ]-E[2]) +r36 


: 3 "Slope CM sCM in x" 


(G[1]-Y¥[H] )/(E[1]-x[H])+r37 
% "slope CM sQM in x+l" 
(G[2]-Y(H+1])/(E [2 ]-x [H+1])>+r38 


: % "r40=WsO4 about RH" 


atn((r36-r35) /(1+r35r 36) ) /57.3/T>r40 
% "r50=Hs about RH" 


: M[S]r3472r40+r50 

> & "W. sCM about Cm" 

: atn((r38—r37)/(1+r371r38) )/57.3/T>r48 
a ert ESCMICM 


M[S] r39* 2r48+r55 


: % "r52=Local Hs" 


(atn ( (2 [2]-Z[1])/(1+2Z[1]Z[2]) )/57.3/1) I[S]+r52 
M[S]1347 2er51 


: M[S]1r39%2+r70 
: r554r52>r553r50+r52-r 50 
: r50+r60+r60 sr 52+r62>r62 sr51+r6l>r6l 7655+r6 52r65s:r70+r7 ler71 


next S 


Whitsieeltgr21,r20 -wrt 7 -2,r62,r60,r60/r61,r61,r65,r65/r71,r71 
: O+r60+r61+r62>r6 5>r71; r20+C [H+1] +r20;r21+l+r21 
: next H 
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oo. 
dsp "TRANS. AND ROT. KIN.ENERGY"swait 1500 
wtb 7,27,86,int (12/64), int(12) 


: ent "MASS OF SUBJECT",r0;dim K [2,14] 

: dim A[22,28],B(22,28],C([27] ,S[14] ,M(14] ,E(2],G(2],2Z(2], 1[14] ,AS$ [80] 

: dim NS[14, 6] ;"HN">NS [1] ;"T"+NS [2] ;"RUA">NS [3] ; MREA"=NS [4] ; MRA" +NS[ 5] 

2 "LUA" NS [6] ; "LLA">NS [7] ; °"TH"+>NS [8] ; ORT" oNS [9] : "RLL"*NS [10] ; "RF">NS [11] 


"LT">NS [12]; "LLL"*n$ [13]; "LE"NS [14] ;£xd 0 
5S [1}-S{21; ; 436>S [3] +S[6] ; .43+S [4] +S [7] ; .28+S[5]+S[8] 
-433+S [9]+S[10]+S [12] +S[13] ; .45+S ([11]+S [14] 
-096>M[1] ; .458>M [2] ; .033>M[3]+M[6]; .019>M[4]>M[7] ; .0065>+M[5]>+M[8] 
-105+M[9]+M[12] ; .045>M[10]+M[13] ; .0145>M[11]>M[14] 
-0248+1 [1] :1.308+I1[2] ; .0213+1[3] +I [6] ; .0076>1[4] +1 [7] 
-0005+I1[5] +I [8]; .1052+1 [9] +I [12] ; .0505+1 [10] +1I[13] ; .0038+1[11]+1[14] 


ener OUGIECL lL. De pAot Wt 7 010,10, 10,10,10,13°wrt 7," eg Nerahg Wb ee fh 
sswtbe?, 0,10: fmt 0, co, z 

: for Q=1 to 14;M[Q]r0>+M[Q] snext Q 

: ent "TRK?(0=0,1=1]",r8 

: if r8=0;trk 0 

emer oro=Uetrkelk 

entece tiie lOebe, USEDEe” © 

epider O;Al[*], 81% ),Cl*} 

SCL KAU 

: frt 8,/,2x,C,/jwrt 7.8, "ENERGY IN JOULE" 


ERO TEO ols atWeb el , 52,5275 2,5 245WEO lp ei ell 


“for J=1 to 14-wrt 7, NSiJ];next J:wtb 7,10,13 
* for H=] to C[27)}-1 
> Oer2>r4;C[Ht+1]>T 


for S=l to 14 


: 1+C 
: for F=H to Hl 


abs (A[F,S]-B[F,S])S[S]+K 
abs (A[F,S+14]-B[F,S+14] )S[S]+L 


: if A[F,S]<B[F,S] ;Kt+tA[F,S]*+E([C] ;jmp 2 

: A[F,S]-K*E[C] 

; if A[F,S+14]<B[F,S+14] ;L+A[F,S+14]+G[C] ;jmp 2 

: A[F,S+14]-L>G[C] 

> if C=L;:M{[S]E[C]+r0;M[S]G(C]>rl;r0tr2>r3;rl+r4er5 ;r3>r2 jr Sor 4 


if A[F,S]-B[F,S]=0;9° 98+Z;jmp 2 


STALE, S|-BI[F,S]*>2 


(A[F,S+14]-B[F,S+14] ) /Z+zZ [C] 


: C+1+C 


next F 
if 1+2[1]2[2]=0;-l+r6+K[1,S];jmp 2 
(atn( (2 [2]-2[1])/(1+2[1]2[2]))/57. ByAE) PAL SI[S])+K(1, S]>+r6 


: (C(1]¥ ( (E[2]-E[1]) “2+ (G[2]-G[1] ) *2) /L00/T) “2 (.5M[S])>K[2,S]>x7 
; if S=l;fmt 2,£2.0,x;wrt 7.2,H 


r6+V>V ;r7+U>U; wait 100 


: next S 


for eet to 2;for B=l to LaWEt 7.9,K [A,B] 


: if A=2 and B=14; ane ice 9," T= ",U," SUM= ",U+V 
: next B;wtb 7,10,13;next A 


0+U+V 


> next H;wtb 7,8;fmt 3,£3.0;wrt 7.3,C(27] ;wtb Tele 
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